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INTRODUCTION'  TO  THE  SYMPOSIUM 
INFLUENCE  OF  COLD  ON  HOST- PARASITE  INTERACTIONS 

L.  Joe  Derry 


Department  of  Biology 
Bryn  Maur  College 
Bryn  Maur,  Pennsylvania 


The  purpose  oftheSymposium  is  familiar  to  all  of  you,  but  permit 
me  the  privilege  of  stating  it  in  my  own  way.  It  is  our  task  in  the 
two  and  one-half  days  ahead  to  look  critically  at  an  area  that  is  part 
science,  part  superstition,  and  part  unknown,  with  the  view  of  deter¬ 
mining  how  much  time,  effort,  and  money  should  be  spent  in  its 
study.  We  must  ask  now  and  throughout  the  proceedings  whether 
cold  is  an  imports nt  factor  in  modifying  or  altering  host- parasite 
interaction.  We  have  been  brought  here  by  a  branch  of  the  Armed 
Forces  of  the  United  States  because  the  medical  authorities  of  that 
branch  charged  with  the  responsibilities  of  safe-guardingthe health 
of  military  and  civilian  personnel,  who  are,  for  the  sake  of  the 
security  of  our  country,  forced  to  live  in  hostile  environments,  need 
to  have  an  answer.  They  are  looking  to  us  for  help,  and  if  it  is  with¬ 
in  our  wisdom  to  provide,  I  know  we  will.  There  is  before  us,  there¬ 
fore,  a  very  real  and  practical  problem  which  is  our  primary  con¬ 
cern;  but  there  is  also  the  challenge  of  pure  science.  Medical  and 
biological  science  from  its  earliest  history  has  been  preoccupied 
and  inquisitive  about  the  role  the  environment  plays  in  the  behavior 
and  response  of  living  organisms.  1  do  not  know  to  what  extent  the 
phases  of  the  moon  exert  an  influence  at  the  time  of  planting  or 
cultivating,  or  harvesting  the  yield  and  value  of  crops,  but  I  have 
heard  in  my  youth  from  many  firm  and  dogmatic  assertions  by 
practicing  farmers  that  they  do.  1  also  recall  with  some  nostalgia 
my  mother,  my  great  aunts,  and  indeed,  our  faithful  country  doctor 
warning  against  wet  feet,  cold  on  the  back  of  the  neck,  night  air. 
cooling  off  too  last  from  a  goixl  sweat  and  the  dire  consequences 
(all  of  an  infectious  nature)  that  would  otherwise  result.  I  remember 
with  affection  my  mother's  wish  to  protect  me  from  the  hostile 
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rigors  of  a  winter  in  the  far  north  of  Texas,  Each  October  I  went 
into  long  white  underwear  only  to  emerge  in  late  March  or  early 
April  when  the  air  war  men  to  a  comparatively  safe  80°  F  to  90°  F. 
Many  of  these  notions  are  firmly  implanted  in  the  minds  of  mil¬ 
lions  of  people  more  from  reiteration  than  by  demonstration,  to 
borrow  a  phrase  from  a  friend  (Schneider,  194G).  Hut  as  is  often 
the  case,  where  conviction  is  firm,  there  is  often  more  than  a 
superstitious  quicksand  to  give  it  support.  We  can  now  begin  by 
examining  some  of  the  bases  for  this  support,  and,  I  hope,  finding 
what  there  is  of  merit,  what  there  is  that  is  formless  and  amor¬ 
phous,  and  where,  if  anywhere,  new  work  is  needed  to  give  form 
to  our  knowledge. 

In  undertaking  the  responsibility  of  organizing  this  Symposium, 
it  seemed  to  me  that  attention  should  first  be  directed  to  an  anal¬ 
ysis  of  past  experience  of  Armed  Forces  in  an  arctic  environment. 
During  Work!  War  II  and  certainly  in  Korea,  large  bodies  of  men 
were  forced  to  live  and  fight  at  cruelly  low  temperatures.  This 
was  particularly  true  on  the  Russian  front  (for  which  no  direct 
knowledge  is  readily  accessible),  but  knowledge  is  available  to  an 
adequate  degree  around  the  Chosin  reservoir  in  Korea.  Casual¬ 
ties  from  frostbite  were  acknowledged,  but  the  extent  to  which 
trained  and  seasoned  troops  were  made  more  susceptible  to  mi- 
erobie  disease  may  never  be  known.  It  is  to  obtain  as  much  infor¬ 
mation  as  possible  on  these  points  that  Dr.  McClaughry  was  asked 
to  contribute  his  paper.  This  was  an  unusualh  difficult  and  com¬ 
plex  assignment,  and  we  are  grateful  to  him  for  his  willingness 
to  undertake  it. 

The  epidemiology  ef  the  Arctic  poses  problems  distinct  from 
those  normally  encountered.  This  fact  has  been  recognized  by 
qualified  investigators,  and  hence  the  presence  of  Dr.  Habbotl  and 
Dr.  Reinhard.  These  men  have  each  spent  extended  periods  of 
time  studjing  the  unusual  facets  that  make  arctic  epidemiology 
so  challenging.  Their  experiences,  it  must  be  borne  in  mind,  deal 
primarily  with  indigenous  populations  living  under  conditions  po¬ 
tentially  unrelated  to  those  that  might  arise  in  a  militan  emer¬ 
gency.  Perhaps  m  the  discussion  it  will  be  possible  to  obtain 
estimates  of  what  might  be  ex pec'od  under  other  circumstances 
and  whether  there  are  areas  where  turther  work  is  needed.  It  is 
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self-evident  that  knowledge  gained  front  studies  of  native  popula¬ 
tions  selected  genetically  through  the  centuries  for  life  in  the 
Arctic  might  conceivably  have  little  applicability  to  the  behavior 
of  a  population  of  greater  size  and  concentration  suddenly  moved 
into  this  environment. 

°Colii  is  a  stress.  How  much  it  results  in  a  unique  response  by 
the  body  and  the  degree  to  which  it  resembles  other  stresses  must 
be  left  to  the  physiologists  for  elucidation.  They  have  already 
established  that  acclimatization  to  cold  entails  greater  heat  pro¬ 
duction  through  an  elevation  in  metabolic  rate  as  judged  by  in¬ 
creased  oxygen  consumption.  This  is  believed  to  be  mediated  through 
the  enducrines  in  a  highly  complex,  and  as  yet  incompletely  under¬ 
stood  manner  (Hart,  1958).  These  facts  have  pertinence  for  anyone 
'•  interested  in  host-parasite  interactions  because  of  the  well  docu¬ 
mented  contributions  host  metabolism  makes  to  determining  health 
■  or  illness  from  an  infectious  agent.  Dubes'  book,  The  Biochemical 
Determinants  of  Microbial  Disease,  (195-4),  is  a  milestone,  and 
since  its  appearance,  numerous  publications  have  expanded  the 
literature. 

Mammals  exposed  to  cold  can  be  expected  to  maintain  normo- 
thermia  unless  there  is  excessive  heat  loss,  hypothermia  is  probably 
the  consequence  of.  too  little  heat  production  and  too  great  heat 
h  ss.  The  mveslig  dor  must  constantly  be  prepared loJisenmmatc, 
thereloie,  bet-wen  etfects  in  nurmothernne  c  ,l..l  exposed  animals 
and  those  found  in  hypothermic ct  Id  exposed  animals.  The  literature 
contains  all  too  many  examples  of  work  in  which  these  distinctions 
were  nH  made. 

The  major  question  cmili  siting  us  is:  Does  cold  exposure  in¬ 
fluence  detrimentally  man's  ability  to  combat  infectious  diseases'.’ 
This  question  raises  many  more.  What  niseases?  What  men?  How 
much  cold  aim  for  how  long '.’ll  is  obviously  oifficult  to  answer  these 
questions,  particularly  with  man  as  the  experimental  subject,  except 
for  the  most  unusual  circumstances  such  as  those  Sir  Christopher 
.\ndrcues  has  used  s"  imaginatively  in  Ins  studies  of  the  common 
cold.  T>-  a  highly  limited  extent,  it  might  be  possible  b  utilize  human 
volunteers  for  experimental  infection  with  a  few  oiseases  against 
which  highly  therapeutic  agents  are  available.  So  far  as  I  know, 
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nothing  of  the  kind  h.is  ■  been  attempted.  Should  il  lie  done ?  Well 
'might  we'|irovide  fin:  answer.  ■ .  ■  . 

.'  •  iT.!ie'uneertain'ticsl.thedifficulties,'und  indeed  the  impossibilities 
of.'seienti/ie.  e.\|)ei:iiiientation  with  human  beings  in  most  research 
•••u  iih  infectious,  diseases  force's ’.the  use  of  laboratory  animals.  There 

•  is' ample;  precedence 'in  flu:  hr-ea  of- cold  since  a  century  ago  when 
.Pasteur  reported  Tns- classical -w.ork  with  anthrax  in  chickens.  The 
birds  "were' resistant  untj.l .  chilled  by -.a  cold  rain  (Pasteur  et  al., 
•ls.7h)'.:'in  thy\  inler\Wni:ng.ycars  ihe  literature  is  adeepuate  to  prove 

•  that.  Pasteur 's  observations’  \ ye're  not  isolated  findings.  Other  animals 
may  or  may  not  respond  an  modified  form  to  infectious  challenge, 

.depending ‘upon  a  .'numb'e.r.-o'f  variables,  but  there  are  sufficient  ex¬ 
amples' to  leave  no  room ‘to.  doubt  that  host-parasite  interaction  is  a 
plastic  phenomenon 'under'.' the  pressure  of  certain  environmental 
changes.  . 

(Jonfrontment  with  the  established  fact  still  leaves  an  enormous 
irea  for  elaboration.  When  animals  hire  "known  to  become  more 
susceptible  to  infection,  there  is  always  the  question  of  why.  It  is 
a.M  'inalie  b\  new  to  oiler  certain  tentalive  explanations.  It  can  be 
said,  for  example,  th.it  the  delenses  of  the  host'  have  been  weakened. 
These  include  the  humoral  detense,  the  cellular  defense,  a  weaken¬ 
ing  of  the  barriers  to  invasion,  plus  various  combinations  of  them 
ill.  Kveii  if  there  is  evidence  for  change  in  any  one  of  the  defenses, 
it  is  still  access. ir.\  to  seek  cut  the  basis  for  the  change.  It  is  also 
possible  that  virulence  of  the  pathogen  is  enhanced.  Without  attempt¬ 
ing  to  crime  virulence,  agreement  hopefully  is  assumed  that  it 
e  mprises  main  facets,  am  one  of  which  may  become  primary  in  a 
particular  situation,  \gain,  it  is  desirable  to  understand  the  nature 
o|  the  virulence  change  whenever  it  plays  a  role.  There  are,  in 
rl  lit  ion,  nomrwh.it  more  elusive  concepts  that  can  be  reasonably 
ottered  to  explain  an  elevation  in  host  susceptibility.  The  ill  vivo 
emu nmient  i  n  winch  pathogen  proliferation  depends,  lie  it  intra¬ 
cellular,  extracellular,  or  both,  can  conceivably  be  enriched. There 
is  less  direct  evidence  lor  this  than  one  would  wish,  especially  for 
Ihe  bacteria,  but  virus  multiplication  is  known  to  be  intimately 
linkeo  with  the  metabolic  vigor  >!'  the  parasitized  cell.  By  contrast, 
the  host  might  be  put  in  the  position  of  heightened  sensitivity  to  the 
t  >xie  in  mifestations  id'  the  disease  state. 
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The  success  of  any  Symposium  usually  hinges  on  the  participation 
of  a  few  key  individuals.  One  such  person,  in  my  judgment,  whose 
early  commitment  as  a  participant  undoubtedly  influenced  the  accept¬ 
ance  of  others,  Is  Dr.  Dan  Campbell,  He  will  lead  the  session  this 
afternoon  on  the  influence  of  cold  on  the  immune  response.  Rather 
'than  give  the -impression  of  attempting  to  anticipate  his  remarks 
(which  I  would  never  presume  to  do),  I  am  going  to  comment  only 
briefly  on  this  topic.  Immunologists  have  refined  their  techniques 
.  to  such  a. degree  that  they  are  the  envy  of  many  research  biologists. 
.Indeed,  their  methods  have  been  applied  wherever  possible  to  prob¬ 
lems  fundamentally  alien  to  those  classically  within  the  scope  of 
their  specialty. 'Immunology  is  quantitative  biology  at  its  best,  and 
may  possibly  be  cpnsidered  the  parent  of  molecular  biology.  To  de- 

■  termine  with"  a :  high  degree  of  precision  the  level  of  response  to 
antigenic'  stimulation  does  not  necessarily  make  evident,  however, 

"  the.  reason  why.onegroupofanimals  reacts  differently  from  another. 
We.  can  expect  to’learn  more  about  these  phenomena  from  Drs.  I.  L. 

■  Trapani  and  William  Northey,  who  have  been  concentrating  in  this 
area  of  work  for  some  years.  It  is  a  great  pleasure  to  welcome  not 
only  them,  but  also  one  of  two  members  of  the  group  who  make  this 
Symposium  international.  Dr.  Gosta  Tunevall  will  speak firston  the 
effects  of  hypothermia  on  the  response  of  mice  to  bacterial  toxins. 
This  is  one  of  four  papers  (two  from  Dr.  Tunevall)  dealing  specifi¬ 
cally  with  animals  at  reduced  body  temperature  as  it  influences 
host-parasite  interaction.  The  first  is  concerned  with  the  important 
problem  of  how  hypothermia  alters  the  physiological  or  pharma¬ 
cological  properties  of  a  soluble  toxin.  These  bacterial  products 
must  exert  their  primary  action  at  the  enzymic  level.  If  hypothermia 
reduces  metabolic  rate,  as  it  mustsincethe velocity  of  all  chemical 
reactions  is  lowered  by  a  drop  in  temperature,  then  there  should 
be  a  less  acute  action  of  toxin  in  animals  at  reduced  body  tempera¬ 
ture.  As  logical  as  this  may  seem,  there  are  also  other  alternative 
effects  that  would  make  this  untrue.  Hypothermia,  as  it  becomes 
more  and  more  severe,  affects  different  organs  such  that  their 
activities  do  not  change  in  parallel  (Adolph,  1959).  Physiological  dis¬ 
tortion  occurs,  compared  to  the  integrated  normal  state,  such  that 
some  functions  cease  at  a  temperature  where  others  continue. 
Breathing  may  stop  at  about  15°  C,  but  the  animal  can  survive  and 
recover  if  artificial  respiration  is  administered.  Cessation  of  heart 
beat  then  becomes  a  cause  of  death  in  animals  so  maintained  and 
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further  cooled.  These  facts  have  relevance  only  to  serve  as  warn¬ 
ings  against  any  attempt  to  generalize  about  the  hypothermic  in¬ 
fluence  on  host- parasite  interaction.  The  specific  body  temperature 
and  its  duration  must  be  specified  in  reporting  results,  and  con¬ 
clusions  can  never  be  presumed  generally  applicable  unless  data  are 
available  to  prove  it. 

The  two  sessions  tomorrow  will  attempt  to  answer  the  question: 
Does  cold  predispose  experimental  animals  (and  man)  to  infectious 
disease,  and  if  so,  what  diseases  and  under  what  conditions?  We  are 
unusually  fortunate  in  having  two  of  the  world's  authorities  on  in¬ 
fectious  diseases  to  serve  as  moderators.  1  refer,  of  course,  to 
Dr.  Walter  Nungester  and  to  Sir  Christopher  Andrewes.  Dr.  Nun- 
gester  has  specialized  primarily  as  a  bacteriologist  and  Sir  Chris¬ 
topher  as  a  virologist.  Their  names  must  certainly  be  included  in 
the  special  list  of  experts  whose  willingness  to  participate  con¬ 
tributed  so  much  in  attracting  to  the  Symposium  such  an  illustrious 
group  of  participants.  We  are  delighted  to  welcome  and  express  our 
deepest  gratitude  to  Drs.  Miya,  Previte.and  Miragliafor  the  reports 
the)'  are  to  give  on  work  with  bacterial  diseases.  We  are  equally 
fortunate  in  having  such  distinguished  virologists  interested  in  this 
area  of  research.  1  refer,  of  course,  to  the  Drs.  Walker,  Metcalf  and 
Sulkin,  and  to  perhaps  the  most  versatile  of  us  all,  Dr.  Marcus,  who 
is  at  home  with  both  bacterial  and  viral  diseases  as  well  as  with 
immunology. 

A  warning  has  been  sounded  against  the  pitfalls  of  generalizing 
from  experiments  with  hypothermic  animals  unless  sufficient  know¬ 
ledge  justifies  it.  A  similar  warning  must  be  issued  in  regard  to 
cold  exposure  and  change  in  susceptibility  to  infection.  Differences 
in  interpretation  of  results,  differences  in  experimental  design,  and 
differences  in  findings  are  to  be  not  only  anticipated  but  desired.  It 
is  in  this  way  that  breadth  of  understanding  is  best  acquired.  But 
le<  us  reflect  a  moment  on  some  of  the  obvious  difficulties  in  this 
type  of  work.  At  whattemperaturearetheanimals  exposed?  "Cold", 
according  to  the  literature,  can  be  anything  from  15°  C  to  20°  C 
down  to  refrigerator  temperatures,  about  5°  C,  or  deap  freeze, 
-10°  C  to  -20°  C,  or  it  can  be  an  arctic  blizzard  of --15°  C.  How 
long  are  the  animals  exposed?  This  can  range  all  the  way  from 
continuous  exposure,  beginning  with  challenge,  to  an  infinite  varia- 
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tion  of  intermittent  exposures  before  or  after  infection.  Are  the 
animals  cold  acclimatized?  One  must  ask  how  acclimatization  is 
determined.  Does  it  merely  mean  exposure  for  some  time  prior  to 
infection,  or  is  there  some  measurement  employed  that  proves  the 
animals  are  cold  tolerant?  Of  greatest  importance,  in  my  judgment, 
are  detailed  descriptions  of  experimental  conditions  of  the  exposure 
to  cold.  Are  the  animals  housed  separately  or  in  groups?  Is  bedding 
material  provided?  If  they  are  singly  housed,  how  much  space  is 
available?  What  is  the  velocity  of  air  movement  around  the  animals? 
Is  relative  humidity  controlled,  and  if  so,  at  what  saturation?  Are 
food  and  water  continuously  available?  I  confess  as  much  ignorance 
about  these  matters  as  most  anyone,  yet  a  few  preliminary  experi¬ 
ments  have  clearly  indicated  that  these  factors  cannot  be  ignored. 
Another  consideration  is  illumination.  Continuous  dark,  continuous 
light,  or  intermittent  and  erratic  light  are  all  to  be  avoided.  Physi¬ 
ologists  concerned  with  biological  clocks  or  with  periodicity  in 
higher  organisms  have  established  beyond  reasonable  doubt  that 
carbohydrate  reserves,  body  temperature,  endocrine  secretion, 
eosinophile  counts,  and  many  others  are  all  subject  to  highly  sig¬ 
nificant  variations  from  one  time  of  day  to  another  (Halberg,  1960). 
Some  of  these  changes  may  be  correlated  with  light,  while  others 
may  show  free- running  periods  not  directly  associated  withdetect- 
able  environmental  phenomena.  Space  in  which  the  animal  is  housed, 
cubic  volume  as  well  as  area,  may  contribute  in  unsuspected  degree 
to  certain  responses  under  investigation.  The  exigencies  of  space 
travel  is  making  this  an  important  object  of  study.  Research  in  in¬ 
fectious  diseases  may  be  able  to  add  something  of  significance  to 
this  work. 

As  moderator  for  our  final  session,  it  is  a  particular  pleasure 
for  me  to  welcome  a  very  close  friend  of  many  years.  We  took 
several  graduate  courses  together,  our  doctoral  research  was 
carried  out  in  laboratories  opening  into  the  same  basement  corridor, 
we  shared  our  frustrations  and  successes  with  one  another,  and  we 
walked  across  the  platform  the  same  hot  June  night  in  Texas  more 
years  ago  than  either  of  us  cares  to  admit  to  receive  our  Ph.  D. 
degrees.  Dr.  R.  II.  Mitchell  has  boon  the  author  of  numerous  scien¬ 
tific  papers,  and  is  now  continuing  his  service  to  science  through 
primarily  administrative  channels  as  Chief  of  the  Department  of 
Medical  Sciences,  School  of  Aerospace  Medicine. 


BERRY  r. 

•  f  :  ■!.  /• 

The  final  sessioiv /contains  "the"  only  'paper  on  hibernation  that  is 
to  be  presented.  Several  participants  suggested  that  someone  con¬ 
cerned  with  this  subject  be  invited,  but-  most  investigators  are 
interested  in  the  physiology  of  the  hibernating  animal.  Little  atten¬ 
tion  has  .been  paid,  however,  to  the  fascinating  possibilities  such 
animals  provide,  for  the  study,  of' host-parasite  interactions.  Mr. 
Schmidt,  who  spent  several,  years  at- the’  Arctic  Laboratory,  is  a 
pioneer  in  this  work  and  wi'll^I  am  sur’ej  be  welcomed  back  to  Alaska 
by  his  many  friends.  0  '  !’ 


The.prpgramd_sjt6be>conclluded'by.  twbimen,  Drs.  Emil  Blair  and 
Coionel '.’ john'Moncri’ef*,  ‘who  are  really  on  the  front  line  of  the  fight 

,o  V  •L*!*  '  •  •  ,.•»**  *  «  ft  *  *  **  *  o  "  ’  ' 

for  [knowledge  about  cold  and  infectious  diseases.'  They  have  success- 
.  fully-.  used{‘hypothermjn  as  *a  therapeutic,  tool  •  primarily  against 
Gnim  •’negative’  ’infect ions. in  human  beings;  They  .are  also  applying 
their. .clinical  experience toothe design’of animai'experiments. . capable, 
of  elucidating.-sbme'-of  tne’mecli’a’nisms  involved  in  patient  recovery.  ■ 
The  significance  of.  this  work  is  evident;  and. we  will’ be  pleased  to 
hear  of  the  progress  made  in  this’ applied  field.  o.'  •  . 


Before  proceeding  with  the  program,  I  want  on'behalf  of  us’all'to'. 
express  our  appreciation  to.  the  Arctic  Laboratory  for  making  this 
Symposium  possible;  to  Mr.  Robert  Becker  for  thedetailed  arranger  ‘ 
ments  he  has  made  for  our  comfort  and  relaxation;  to  Mr.  Alfred  .. 
George  of  the  University  of  Alaska  for  his  travel  arrangements; 
and  to  Dr.  Eleanor  Viereok  for  her  editorial  assistance,  we  voice 
our  thanks.  We  are  grateful  to  Major  Sprout,  Commandant  of  the  ' 
Laboratory,  for  t he  hospitable  accommodations  lie  lias  provided  for 
these  sessions. 


As  you  are  aware,  Colonel  John  I).  Fulton  is  not  here.  This 
Symposium  is  his  dream,  and  1  hope  it  proves  to  be  all  he  expected, 
lie  asked  me  to  undertake  its  organization  and  has  given  at  all  times 
his  fullest  cooperation.  If  there  are  any  omissions  or  deficiencies  in 
the  organization  of  the  scientific  program,  they  are  mine  and  not 
his. 
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ABSTRACT  .  •.  * 

•  V  -#  • ,  f 

This  report  duals  with  the  difficulties  experienced  in  an  attempt  to  use  Veterans  **,. 
Ailminlstrallon  hospital  records,  to  determine  the  .influence,  of  cold  on  infectious  dis-<f.»^'>7 
ease.  Various  means  were  explored  to  find  if  exposure  to  cold  of  the  members, of  the 
Armed  Forces  of  the  United 
rence  and  course  of  infectious  diseases. 

•  A  .  .* 

*»•  °  »  n  *  .  *  •  *»e. 


J) 

)  * 


xl  Slates  engageil  in  the  Korean  War  influenced  the  occui>,  "  .• « 

.  *  .  •  *  H  ’t.  •*  • 

is  diseases.-  •  0  •  •  . 


Scientific  activity  h:is  risen  exponentially  in  recent  years. ’One” 
result  of  this  phenomenon  has  been  the  accumulation  of. a  very  large" 
body  of  data.  Dissemination  of  this  information  poses  a  major  prob--'!. 
lem,  which  has  been  met  in  part  by  more  scientific  meetings  arid 
journals.  Strange  as  it  seems  at  times  to  a  scientist  trying  to  find 
time  to  get  into  his  laboratory,  data  has  been  obtained  faster  than 
outlets  for  its  reporting  have  developed.  In  absolute  terms,  there 
is  no  dearth  of  material  to  bediscussed  in  scientific  circles.  These 
events  have  made  the  ever  difficult  and  unpopular  task  of  presenting 
negative  results  even  more  problematical.  After  all  too  lightly 
accepting  exactly  this  assignment  at  this  symposium,  the  full  weight 
of  what  I  had  undertaken  descended  upon  me.  Justifying  a  negative 
report  to  this  illustrious  group  posed  a  problem  of  no  mean  propor¬ 
tions. 

I  request  your  indulgence,  therefore,  for  a  brief  description  of 
the  reasons  for  my  appearance  here  today.  It  all  dates  back  to  the 
early  summer  of  1959,  whentheChairmanofthe  Division  of  Medical 
Sciences  of  the  National  Academy  of  Sciences  -  National  Research 
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Council  asked  me  to  direct  a  survey  of  the  medical  research  pro¬ 
gram  of  the  Veterans  Administration.  In  short  order,  I  became 
acquainted  with  a  strong  opinion  held  by  the  then  Administrator  of 
Veterans  Affairs,  Mr.  Sumner  G.  Whittier.  He  indicated  that  on  the 
one  hand  there  were  the  many  Veterans  Administration  medical 
records,  and  on  the  other  hand,  there  was  the  booming  technology 
of  electronic  data  processing.  Now,  to  continue  the  paraphrase,  if 
only  a  marriage  of  the  two  could  be  effected,  surely  answers  to 
most  important  medical  problems  would  be  found. 

The  committee  of  medical  scientists  involved  in  the  NRC  study 
reached  more  circumspect  conclusions  from  evaluating  all  the 
evidence  available  to  them.  Indeed,  the  final  statement  in  the  section 
on  the  use  of  computers  in  their  report  bears  quotation  in  this  con¬ 
text.  "It  is  also  to  be  noted  that  only  very  limited  use  can  be  ex¬ 
pected  of  the  medical  records  now  in  existence  for  retrospective 
studies,  ami  that  the  collection  of  data  by  designing  experiments  for 
the  use  of  computers  should  be  the  rule." 

Despite  this  forewarning,  which  should  certainly  have  been  ade¬ 
quate,  1  fell  into  thetrapofattemptinga  retrospective  record  study. 
In  my  defense,  1  can  only  say  that  the  possibility  of  association  of 
exposure  to  cold  during  the  Koreancempaignwitlulifferences  in  the 
incidence  or  course  of  infections  seemed  straightforward  enough  to 
merit  a  try  by  this  method.  I  was  also  somewhat  influenced  by  the 
consideration  that  such  environmental  influences  on  human  infection 
have  received  relatively  little  attention,  despite  their  importance. 

The  burden  of  my  message  is  really  very  simple.  It  was  com¬ 
pletely  impossible  to  establish  from  the  records  any  group  who 
were  known  to  have  been  exposed  to  cold,  or  conversely  to  find  a 
group  similar  except  for  such  exposure.  This  information  was 
simply  not  recorded.  Furthermore,  inference  of  the  probability  of 
of  exposure  to  cold  by  identifying  the  military  organization  to  which 
an  individual  belonged  proved  fruitless. 

Since  I  am  nearly  as  sensitive  as  was  the  fabled  jackass  which 
was  struck  a  hard  blow  on  the  head  with  a  singletree  to  get  its 
attention,  1  wistfully  gave  up  the  record  study  at  this  point.  Optimist 
that  1  am,  though,  I  must  add  that  the  prospect  appears  better  for 
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tilt-  success  of  a  pre-planned  epidemiological  study  of  this  question. 
From  the  perusal  of  medical  records,  it  appears  that  a  military 
population  on  maneuvers  or  in  combat  ina  cold  climate  could  be  used 
for  such  investigations.  It  would  be  necessary  to  obtain  definite  in¬ 
formation  about  the  kind  and  degree  of  environmental  exposure. 
Documentation  of  the  diagnosis  and  treatment  of  various  infections 
is  now  fairly  standardized. 

It  is  enough  to  indicate  that  1  failed  in  the  first  approach  to  find  a 
relation  between  exposure  to  cold  and  human  infection,  and  that  the 
information  which  was  available  may  favor  adifferent  approach.  To 
extend  myself  further  would  jeopardize  my  inherently  unstable  posi¬ 
tion  by  presuming  to  tell  someone  how  his  research  should  be  done. 
For  the  problem  passes  from  the  range  of  studies  possible  with 
Veterans  Administration  records  into  the  interest  of  those  engaged  in 
field  studies. 

Now,  having  spoken  for  about  five  of  the  forty  minutes  that  the 
program  allocated  to  this  topic,  1  shall  make  my  only  significant 
contribution  to  this  symposium  by  sitting  down  and  making  more 
time  available  for  discussion  of  the  substantive  papers. 
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DISCUSSION 


MONCRIEF:  1  want  to  echo  Dr.  McClaughry's  comments  about 
retrospective  studies,  particularly  clinical  situations.  They  really; 
have  very  little  value  because  of  the  absence  of  the  data- that 
you  are  looking  for  in  the  clinical  records.  We  have,  I  feel, 
probably  one  of  the  most  exhaustive  sources  on  clinical  'mad' 
terial  and  data  collections  anywhere  in  the  country  because  we 

•  *  *  .5 

have  a  relatively  small  unit  and  a  large  number  of  personnel. 
Although  a  patient  has  been  in  the  hospital  two  months  and  may 
have  a  clinical  summary  the  size  of  a  small  telephone  book',- 
it  still  does  not  have  the  data  in  it  we  want  in  the  future,- and 
retrospective  study  is  only  valuable  if  the  data  that  is  contained 
in  your  records  is  positive;  then  it  may  be  of  some  value.  If. 
it  is  negative,  it  may  be  that  the  doctor  who  made  up  the  sum¬ 
mary  Just  left  it  out,  or  he  may  have  observed  it  but  did  not 
put  it  down  in  the  records,  so  the  only  tiling  you  can  say  with 
retrospective  study  is  whether  something  occurred.  You  can¬ 
not  say  it  did  not  occur,  nor  can  you  say  whut  you  think  occurred. 

MARCUS:  I  think  since  Dr.  McClaughry  is  dealing  with  nega¬ 
tive  results  in  terms  of  effect  of  exposure  to  cold  on  infectious 
disease,  that  we  might  ask  him  to  comment  about  the  subject 
of  medical- surgical  use  of  hypothermia  which  has,  at  least 
as  near  as  1  can  make  out  from  a  very  superficial  inspection 
of  surgical  literature,  also  given  negative  results  with  regard 
to  infections.  Of  course,  there  are  circumstances  involved  here 
which,  again,  are  mitigating  in  terms  of  preventing  infection, 
but  I  still  think  it  deserves  some  comment  as  an  aspect  of  the 
negative  results  that  you  surveyed. 

McCLAUGHRY:  I  think  we  can  have  fun  with  the  reports  of 
Dr.  Blair  and  Col.  Moncrtef.  In  a  pre-planned  study,  it  is  pos¬ 
sible  to  measure  and  record  the  amount  of  cold  exposure,  along 
with  body  temperatures,  and  then  follow  the  incidence  and  course 
of  infectious  diseases.  Also,  the  bacterial  and  viral  flora  of 
persons  exposed  to  cold  can  be  studied. 
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'-;/s'"’Mc^CLAUGHK)V-:  The; ; -'data I*cl ef i ni tely  are  not  available, _since.f 
■ "  ■  they.- "were -"not  .-necdrclkl;  'Of- course,'  the  question  of  translation-’'’ 

.  -  >is- also -'aYs tickler.  Much’ of  the  present  medical  data  .would  be1-.- 
classified'  by  '  the  'compuier  people  as  "soft  garbage",  and  little-.- 

V.  Jau.0*?;’  "*v*-  ‘  -•  •  .V  a  *•  aw 

.would;  be  considered. hard  data.  In  recordings  of  blood  pres--’* 
sure, -..for  .  exariiple,  Dickinson  Richards1  studied  Bellevue/ Hos-*- * 

.  pi  till’  records.  No  correlation  was  observed  between  the  values’.’, 
.found  on  the  clinical  charts,  which  were  random  measurements;-  C 
and  those  measured  under  well  controlled  conditions.  ’ 

Similarly,  in  a  study  done  in  Julius  Comroe's  laboratory2,  ”• 
an  automatic  blood  pressure  recording  device  gave  entirely,';,: 
different  blood  pressure  levels  than  those  measured  in  the  phy-  • 
sician's  office.  There  were  patients  who  had  been  considered- 
non- progressive  hypertensive  patients  who,  with  the  automatic 
recorders,  were  found  to  be  normotensive. 

BLAIR:  1  am  particularly  intrigued  with  the  statement  of  the’’ 
.-•'negative.'  results,  of  hypothermia,  and  I  stress  "hypothermia",:.’ 


./  '•■■>.:.iiot';':"c6ld,  ’.exposure ".  -These  .are  two  entirely  different  matters’,.’ 
•  A-  -.  of '  course ,-’•' but’  ive -.'will  have -  to.  decide’  with'regard  to  infections 
'i Af whethe'iv'-'or.’ hot.'.  hypothermia '..has  -  a-':  specific',  effect  u'pon.the  or- 
;  :;';’’.giuiiisni;  .’involved-,  or /.on  tlie  host,  himself,  if  he  has  any.  resistance  .  ’ 
;.:"iit  :. a  11;. .  •'/  /  ’• .  ’’...  ' 


MARCUS:'  I  questioned  some  of  our  thoracic  surgeons  and 
found  there  were  four  in  Salt  Lake  who  engaged  in  tlie  use  of 


1  Kich.tnl.’t,  D.  U,,  Jr.  IVrj»«»n.il  i  ormmmicatum. 

2  ilintn.m,  \.  I.,  M.  V.  Kii^rl,  ml  \.  F.  Htcklonl.  \m.  Mfiirl.  J.  6J:  66J. 
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•  hypothermia.  ■■  They  •  used  both  the  external;  blanket  procedure, 
;•  and  tliey  used’ extra-corporeal  cooling'of  the  blood  via  the  heart- 
.‘;lung  machine,  and  they  also  told  me  about  the-'experiehces' of 
““"colleagues,  Dr.  Lewis  from  Chicago,  and  Dr.  Duke  and  Dr,  Swan 
;of  Colorado.  They  told  me  that  invariably  what  these  individuals 
in  their  own  experiences  encounter  are  physiological  problems 
in  their  patients;  problems  involving  blood  clotting  dyscrasia, 
cardiac  arrhythmia,  and  so  on. 

They  lower  the  temperature  of  their  patients  down  to  as  low 
as  27°  C  using  external  blankets  for  six  to  thirteen  minutes, 
and  use  multiple  exposures  of  this  type  in  carrying  out  their 
surgical  procedures.  Invariably,  they  were  surprised  when  1 
asked  them  about  Infectious  disease,  and  the  four  I  spoke  to 
all  said,  "Well,  of  course  these  patients  are  all  covered  by  post¬ 
operative  antibiotic  treatment,"  but  in  no'  case  were  they  con¬ 
cerned  about  postoperative  infectious  disease,  1  think  you  should- 
know  about  that. 


BLAIR:  I  am  very  much  involved,  in  addition  to  my  inter¬ 
est  in  bacteremic  problems,  in  surgery.  The  fact' does  remain 
Unit  we  understand  and  know  really  very  little  about  what  hypcv. 
thermia  does  under  these  circumstances  of  altering  the  envi-' 
ronment  of  the  bacteria.  The  University  of.  Minnesota  group 
has  been  interested;  Fisher  at  Pittsburgh  has  studied  the  efj-, 
fects  of  cold  upon  so-called  host  mechanisms. .  Whatever  meclia- 
nisms  are  concerned,  we  know  that  bacteria  'ar.e.'cl.eared'ver-y, 
readily  after  injecting  and  introducing  a  tremendous. -number' 
of  bacteria  into  the  blood  stream.  Now,  what  this,  really  .-means, 
from  the  standpoint  of  the  added  insult  and;  stfess''of'sm;gefy,', 
anaesthesia  and  what-not,  I  don't  know.  However,  purely  from' 
the  standpoint  of  the  rather  emperical  criterion  of  the  progress 
of  patients  postoperatively,  the  incidence  of  infections  post- 
operatively  after  the  use  of  hypothermia  is  related  only  to  the 
surgery.  They  have  been  traced  without  difficulty  to  errors  and 
faults  with  reference  to  techniques  in  surgery,  which  all  sur¬ 
geons  should  know  a  lot  better  about,  of  course.  Infections  have 
also  been  traced  to  the  machinery  inusing  axtra-corporeal  systems 
of  cooling. 
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Grunted,  these  are  purely  a  matter  of  observation.  And  then 
with  surgeons  in  our  position,  one  of  the  most  important  tools 
is  the  ability  to  look  at  things  from  the  standpoint  of  their  clinical 
Judgments.  At  the  University  of  Maryland,  Division  of  Neuro¬ 
surgery,  in  the  past  year  almost  two  hundred  patients  have  been 
cooled.  They  are  cooling  as  many  patients  as  we  are  in  cardio¬ 
vascular  surgery,  and  appear  to  be  cur  staunchest  competitor; 
the  instance  of  infections  is  no  greater.  This  is  not  good  scien¬ 
tific  evidence,  but  insofar-  as  taking  care  of  patients  is  con¬ 
cerned,  it  does  appear  that  cooling  for  periods  up  to  about  two 
or  three  hours  to  levels  of  approximately  20°  C  to  30°  C  does 
not  increase  the  Incidence  of  infection  following  surgery. 

MONCR1EF:  How  about  the  Incidence  of  infection  following 
profound  hypothermia  of  10°  C? 

BLAIR:  The  unfortunate  fact  does  remain  that  the  incidence 
of  infection  following  the  use  of  profound  hypothermia  which  re¬ 
quires  a  mechanical  set-up  to  cool  a  patient  down  this  low,  does 
result  in  a  higher  incidence  of  infection  than  if  the  patient  were 
simply  cooled.  Whether  this  is  related  to  the  fact  that  the  pa¬ 
tients  are  cooled  to  the  very  profound  and  potentially  lethal 
levels  per  se,  or  whether  it  is  due  to  the  fact  that  it  takes  a 
lot  of  equipment,  we  really  don't  know. 

In  fact,  it  does  remain  that  no  matter  how  carefully  and  how 
rigidly  Lister's  ideas  are  employed  today,  after  an  ordinary 
elective  surgical  case,  if  you  culture  very  carefully  the  sur¬ 
geon's  hands,  the  instruments,  and  the  nearby  drapes,  you  will 
always  find  bacteria  in  staggering  and  distressing  amounts. 
But  these  patients  do  not  develop  postoperative  infections. 

The  question  remains  relatively  unanswered,  and  the  only 
thing  1  might  say  about  this  is  that  the  patients  are  kept  at  these 
profound  levels  for  a  very,  very  brief  period  of  time.  In  many 
instances,  it  does  not  exceed  more  than  one  hour;  occasionally 
two  hours.  At  the  University  of  Maryland  --  I  guess  we  were 
a  young,  immature  group  trying  to  learn  --  this  is  the  excuse 
we  give  for  die  fact  that  we  had  cook'd  some  patients  down  to 
levels  of  5°  C  for  periods  of  about  two  hours.  These  were  children. 
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They  all  survived  because  they  were  children.  Their  natural 
homeostasis  was  very  kind  to  us. 

BERRY:  How  much  adrenal  response  is  there  in  these  patients? 

BLAIR:  The  adrenal  response  is  reduced.  Again,  this  is  the 
difference  between  induced  hypothermia  and  cold  exposure.  This 
is  related,  of  course,  to  the  type  of  anesthesia  used.  These  people, 
you  know,  are  all  anesthetized.  If  a  barbiturate  anesthesia  is 
used,  the  response  of  the  adrenals  is  reduced  tremenduously. 
Ether  anesthesia  invokes  an  increased  response  for  a  period 
of  time,  but  when  the  patient  and  the  animal  are  cooled,  then 
the  circulating  cortico  steroid  and  catecholamines  are  very 
much  lowered.  Hypothermia  allays  stress  response. 

BERRY':  In  other  words,  hypothermia  is  almost  anti-stress? 

BLAJR:  That  is  correct,  as  opposed  to  cold  exposure. 

BERRY:  1  think  these  are  very  important  distinctions  that  we 
should  keep  in  mind. 

MITCHELL:  Dr.  Blair,  where  are  your  prime  heat  sinks 
for  retaining  heat  calories  in  these  bodies  once  you  start  cooling? 
You  take  them  down  with  cooling  to  20°  C  and  you  maintain  this 
for  quite  a  time.  You  are  now  ready  to  work  and  you  have  some 
tissues  there  Unit  are  rather  tremendous  heat  sinks.  They  re¬ 
main  warmer,  let's  say,  and  then  if  you  move  past  that  to  these 
colder  temperatures,  do  you  overcome  the  ability  of  that  tis¬ 
sue  to  resist,  or  do  you  make  it  more  susceptible,  and  wherein 
do  you  get  these  infectious  processes  originally?  I  am  trying 
to  figure  out  how  you  approach  this. 

BLAIR:  Are  you  referring  to  the  instances  of  cooling  either 
animals  or  patients  down  to  profound  levels  in  the  absence  of 
infections  to  begin  with?  Is  this  what  you  mean? 

MITCHELL:  Yes. 

BLAIR:  First  of  all,  with  regard  to  heat  production  during 
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the  induction  of  cooling,  the  fact  is,  of  course,  that  the  human 
being,  himself  being  a  heat  exchanger  and  a  very  inefficient 
one  in  many  respects,  produces  a  series  of  problems  outside 
of  the  infection  which  have  resulted  in  very  serious  consequences, 
sometimes  death,  and  this  is  because  the  specific  heat  of  the 
various  tissues  are  so  different.  When  I  say  artificial  cool¬ 
ing,  1  am  referring  to  hypoxia  in  the  systems.  When  a  patient 
is  cooled  down,  he  winds  up  with  some  very  serious  gradients 
in  various  tissues,  the  most  serious  of  which  is  skeletal  muscle. 
The  skeletal  muscle  is  not  cooled  down  very  much.  It  is  kept 
quite  warm,  as  a  matter  of  fact.  The  liver  is  cooled  down  quite 
considerably;  also  the  brain.  The  net  result  is  that  when  the 
cooling  process  is  stopped  and  the  patient  is  presumably  sta¬ 
bilized  at  a  particular  level  of  hypothermia,  and  this  is  usually 
guaged  by  the  esophageal  temperature,  we  begin  working  on 
the  patient.  Of  course,  a  lot  of  other  things  are  going  on,  par¬ 
ticularly,  I  think,  in  the  skeletal  muscle,  which  when  we  start 
to  rewarm  the  patient,  results  in  a  metabolic  situation  which 
has  made  us  very,  very  unhappy;  and  this  is  the  metabolic 
acidosis. 

Now,  I  am  off  the  subject  that  you  had  raised,  Dr.  Mitchell. 
With  regard  to  infections  per  se,  I  am  not  aware  of  any.  They 
probably  have  developed  and  I  can  only  reiterate  the  attempts 
of  culturing  the  equipment  and,  of  course,  the  patient's  blood 
stream,  but  we  have  not  found  any  bacteremia.  The  bacteria, 
if  present,  would  become  overwhelming.  This  is  a  matter  which 
would  require  serious  investigation,  but  then,  I  personally  am 
not  terribly  concerned  about  it  because  of  the  time  factor.  I 
don't  think  much  is  going  to  happen  in  one  or  two  hours.  These 
patients  are  cooled  to  10°  C  in  about  twenty  minutes.  They  are 
warmed  in  about  forty-five  minutes,  but  time  factors  are  very 
short,  and  I  can  assure  you  that  the  deep  level  cooling  main¬ 
tained  is  very  brief.  Attempts  to  assay  host  mechanisms  have 
demonstrated  that  the  period  of  cooling  and  rewarming  has  not 
produced  any  longstanding  effect  on  the  host  mechanisms  in  handling 
bacterial  infections. 

CAMPBELL:  The  anesthetic  must  play  quite  a  role  here, 
as  in  allergic  reactions  which  do  not  occur  during  anesthesia. 
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BLAIR:  Yes,  anesthesia,  of  course,  is  a  two-edged  sword. 
We  are  not  dealing  with  hypothermia  per  se  in  its  native  true 
state  by  any  manner  of  means.  We  are  dealing  with  modified 
hypothermia  or,  if  you  will,  modified  anesthesia,  and  this  is 
because  in  reference  to  anesthesia,  it  is  necessary  to  anes¬ 
thetize  both  humans  and  experimental  subject  to  a  rather  deep 
level.  We  call  this  surgical  anesthesia,  and  this  is  the  level 
primarily  at  which  the  reflex  mechanisms  responsible  for  main¬ 
taining  homcothermia  are  depressed.  They  have  to  be  depressed. 
The  only  instance  of  which  I  am  aware  and  in  which  hypothermia 
is  produced  in  the  absence  of  anesthesia  is  in  patients  who  have 
been  treated  with  hypothermia  for  bacteremic  shock  and  other 
problems  of  that  nature,  and  again  I  will  touch  upon  that  later. 
These  people,  of  course,  are  not  anesthetized. 

MARCUS:  Do  you  treat  them  with  morphine  or  anything  to 
allay  their  pain? 

BLAIR:  Our  only  experience  in  this  regard,  Dr.  Marcus,  has 
been  wii.h  individuals  whom  we  have  considered  to  be  refractory 
to  the  standard  therapy.  In  the  judgment  of  the  physician,  these 
are  individuals  who  have  become  refractory  to  very  intensive 
therapy  in  bacteremic  shock;  these  people  are  usually  comatose. 
Their  reflexes  are  markedly  depressed,  and  these  people  are 
cold.  It  has  been  very  unusual  to  observe  shivering.  As  a  matter 
of  fact,  we  use  shivering  as  an  index  as  to  when  to  rewarm  the 
patient.  It  is  a  sign  that  the  patient  is  getting  better. 

MeCLAUGUKY:  Dr.  Campbell  may  have  indicated  one  of  the 
very  important  possibilities  here;  namely  that  combining  anes¬ 
thesia  with  hypothermia  may  make  it  possible  to  sort  out  some 
of  the  factors  in  pathogenesis  of  some  infectious  diseases.  In 
particular,  it  may  provide  a  means  of  studying  host  responses 
to  stress,  which  are  really  protective  mechanisms,  but  which 
may  become  deranged. 

BLAIR:  These  studies  are  under  way,  I  might  add.  Through 
a  contact  with  the  United  States  Army,  the  University  of  Mary¬ 
land  has  recently  established  a  clinical  shock  unit  which  is  de¬ 
voted  to  treatment  of  shock,  including  bacteremic  shock,  and  one 
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of  tiie  purposes  Is  to  investigate  these  properties  we  are  talking 
about  and  ubout  which  we  really  know  so  very  little,  particularly 
in  the  human. 

McCLAUGHRY:  It  occurred  to  me,  also,  that  your  descrip¬ 
tion  of  the  situation  of  the  patient  with  bacteremic  shock  also 
bears  on  this  question  of  stress,  because  bacteremic  shock 
is  one  of  the  things  which  suppresses  those  functions.  In  one 
sense,  you  have  the  anesthesia,  anti-shock,  and  the  anti-stress 
state  established  by  physiological  and  pathological  mechanisms. 

BLAIR:  That  is  quite  right.  It  is  the  pathologic  state,  the 
comatose  state,  essentially.  The  only  thing  I  am  Interested  in, 
of  course,  is  controlling  the  reflex  mechanism;  that  is,  shivering. 
In  elective  situations,  we  use  anesthesia  to  depress  this,  and, 
of  course,  anesthesia  is  a  tremendous  poison.  It  poisons  a  lot 
of  things  besides  the  skeletal  muscles. 

SCHMIDT:  I  would  like  to  make  reference  to  some  work  we 
did  here  in  Alaska.  Our  original  aim  was  to  determine  the  in¬ 
cidence  of  respiratory  disease  here  at  Ladd  Air  Force  Base. 
We  had  about  two  thousand  subjects.  It  occurred  to  us  that  it 
might  be  possible  to  investigate  the  influence  of  cold  exposure 
on  the  incidence  of  infection.  Accordingly,  in  taking  the  his¬ 
tories  on  these  men,  we  started  by  asking  them  if  they  worked 
outside  or  inside.  This  approach  proved  to  be  of  little  value, 
because  even  though  their  duty  stations  might  have  been  out¬ 
side,  the  men  were  clothed  to  the  extent  that  they  could  not  be 
considered  to  be  cold  exposed  in  the  sense  of  being  chilled. 
We  eventually  grouped  the  men  according  to  their  squadron  ac¬ 
tivities,  thinking  that  cooks  and  bakers,  for  instance,  would  be 
less  likely  to  encounter  cold  exposure  than  would  field  main¬ 
tenance  crews.  About  one  third  of  the  1,985  men  studied  were 
in  squadrons  which  we  considered  would  have  a  higher  exposure 
index.  We  were  unable  to  demonstrate  any  significant  differ¬ 
ence  in  the  incidence  of  upper  respiratory  infection  attributable 
to  cold  exposure.  1  think  we  ran  up  against  a  stone  wall  in  trying 
to  determine,  with  any  degree  of  certainty,  whether  these  men 
were  actually  cold  exposed. 
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BABBOTT:  In  an  AFED  report  of  two  or  three  years  ago 
on  winter  maneuvers  In  arctic  areas,  they  reported  a  great 
many  more  cases  of  heat  exhaustion  than  they  did  frostbite; 
so  even  under  field  conditions  it  Is  very  difficult  to  evaluate 
cold  exposure. 

ANDRE  WES:  Williams  and  Lidwell  carried  out  some  experi¬ 
ments  on  post  offioe  workers  in  Britain,  and  in  comparing  those 
people  who  were  delivering  mail  out  of  doors  with  those  who 
were  working  indoors,  the  incidence  of  respiratory  infection  was 
rather  greater  in  those  who  were  working  Indoors,  but  of  course 
you  can't  draw  very  many  conclusions  from  that  because  they 
were  so  much  more  exposed  to  other  people,  and  the  outdoor 
people  had  very  little  such  contact. 

MIRAGLIA:  There  are  several  reports  in  the  literature  that 
indicate  that  people  that  work  indoors  and  go  into  cold  rooms-- 
butchers,  for  example— do  have  a  higher  incidence  of  sinusitis 
and  middle  ear  infections.  Taylor  and  Watrous3,4  made  studies 
of  this  using  very  small  groups  of  individuals,  and  there  are  some 
examples  in  Spanish  literature  which  have  approximately  the 
same  data,  but  as  some  of  us  have  already  indicated,  there  are 
other  bits  in  the  literature  that  seem  to  contradict  this,  or  at 
least  I  found  evidence  to  the  contrary. 

BLAIR:  The  matter  of  respiratory  infections,  of  course,  has 
risen  in  regard  to  hypothermia  per  se  in  patients  and  there 
has  been  an  occasional  report  of  patients  who  have  been  cooled 
who  developed  pneumonia,  but  these  have  been  incredibly  rare, 
and  I,  in  the  years  that  I  have  had  the  privilege  of  working  in 
this  particular  area,  have  never  seen  respiratory  infection  in 
a  patient  who  has  been  cooled.  As  a  matter  of  fact,  we  have 
cooled  patients  who  have  had  pneumonitis  of  one  kind  or  an¬ 
other  and  have  observed  it  clearing  up  during  the  process  of 
cooling.  Of  course,  these  people  are  receiving  antibiosis  in 
treatment,  but  the  hypothermia  is  not  retarding  the  clearance 


3  Taylor,  II.  M.,  and  1..  V.  Dyrcnlorth.  I93S.  JAMA  111:  1744-1747. 

4  Walroua,  II.  M.  1947.  Brit.  J.  ImluBt.  M.  4:  111-125. 
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of  the  respiratory  Infection,  in  any  event. 

MITCHELL:  You  are  speaking  about  hypothermia,  and  the 
other  people  have  been  talking  about  cold  exposure,  and  it  turns 
out  that  people  exposed  to  cold  up  here  may  be  more  likely  to 
suffer  from  heat  exhaustion  than  from  cold,  and  I  wonder,  maybe, 
if  we  should  instrument  a  few  people  and  put  them  out  in  the 
cold. 

DRURY:  Captain  Veghte  has  considerable  data  on  body  tem¬ 
peratures  during  cold  exposure. 

MITCHELL:  I  imagine  that  there  is  more  stress  in  thinking 
about  having  to  go  on  one  of  those  maneuvers  than  there  is  in 
the  experience. 

MONCRIEF:  In  reference  to  Dr.  Marcus's  question  to  Dr. 
Blair  about  incidence  of  infection  with  induced  hypothermia, 
Dr.  Blair  mentioned  the  fact  that  it  is  the  individuals  who  have 
the  hypothermia  induced  by  the  extra-corporeal  circuit  that 
have  the  increased  incidence,  if  there  is  any.  I  think  infection 
is  directly  proportional  to  the  number  of  couplings  and  number 
of  instruments  that  you  have  the  patient  hooked  up  to;  and  this, 

1  think,  is  very  well  pointed  out  in  our  normothermic  patients 
when  we  put  on  an  extra- corporeal  circuit  such  as  extra-cor¬ 
poreal  hemodialysis  for  renal  insufficiency. 

REINHARD:  I  am  impressed  by  the  fact  that  the  conversa¬ 
tion  of  the  last  hour  has  moved  us  into  an  area  that  looks  some¬ 
what  like  a  bucket  of  worms,  and  I  wonder  whether  or  not  we 
are  trying  to  sum  up  before  we  have  ever  heard  what  each  person 
has  to  contribute. 
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Fow  human  pathogens  found  in  arctic  populations  are  localized  to  this  geographic 
region,  although  some  parasites  may  have  a  restricted  distribution  coinciding  with 
that  of  their  intermediate  hosts.  The  variety  of  infectious  agents  Is  more  limited 
than  In  temperate  or  troplcnl  climates.  With  respect  to  spread,  short  chain  person- 
to-person  transmission  appears  more  Important  than  dissemination  by  vector  or 
vehicle.  The  age  distribution  of  cases  and  the  clinical  response  of  a  particular  eth¬ 
nic  group  to  a  given  disease  can  usually  be  explained  on  the  basis  of  past  exposure. 
Under  conditions  of  normul  arctic  living,  there  is  little  evidence  that  low  environ¬ 
mental  temperatures  directly  affect  the  ability  of  the  human  host  to  react  to  anti¬ 
genic  stimuli.  Itather,  In  the  Eskimo  village,  cold  Is  important  because  of  its  in¬ 
direct  effect  on  the  way  people  live. 


Epidemiology  has  been  defined  as  a  study  of  the  distribution  and 
determinants  of  mass  disease,  or  disease  as  it  affects  populations. 
Consequently,  our  focus  is  not  primarily  on  the  cellular  manifesta¬ 
tions,  nor  even  on  diagnosis  and  treatment  of  the  individual  patient. 
And  yet,  we  must  understand  pathogenesis,  as  well  as  the  clinical 
picture,  if  we  are  to  unravel  the  determinants  of  the  disease  as  it  be¬ 
haves  in  populations. 

Of  course, cold,  as  a  physical  agent,  can  and  does  directly  affect 
individuals  and  groups  of  people.  DuringWorld  War  II,  cold  alone,  or 
cold  combined  with  wet,  resulted  in  the  hospitalization  of  91,000  U.  S. 
Army  personnel  in  all  parts  of  the  world.  Seventy-one  thousand  cases 
of  cold  injury  occurred  in  the  European  Theatre,  mostly  during  the 
winter  of  1944-1945  (Whayne,  1958).  At  one  time  in  the  winter  of  1943, 
frostbite  injuries  ir.  United  States  heavy-bomber  crews  accounted 
for  more  casualties  than  all  other  causes  combined.  Gunners  in  B-17 
and  B-  24  aircraft  were  especially  at  risk  as  they  maneuvered  ma¬ 
chine  guns  through  open"waist  ports"  while  flying  at  25,000  to 
35,000  feet  in  temperatures  ranging  between  25°  F  and  45°  F  below 
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zero  (Davis,  1943).  As  you  realize,  the resultingdisability  was  often 
permanent,  with  loss  of  fingers,  toes,  or  even  a  whole  foot.  Less 
severe  cases  required  hospitalization  ranging  from  a  few  days  to 
many  months.  So  there  can  be  no  doubt  about  the  importance  of 
direct  injury  by  short-term  exposure  to  cold,  especially  in  military 
populations. 

But  a  long-term  direct  effect  of  environmental  temperature  on 
evolving  races  of  man  has  also  been  postulated.  Howells  points  out 
that  ethnic  groups  arising  in  the  warmest  and  coldest  climates  seem 
to  have  developed  a  physique  and  body  mass  which  permits  the  maxi¬ 
mal  dissipation  or  conservation  of  heat  (Howells,  I960).  He  contrasts 
the  large  surface  area  of  the  Sudanese  tribesman  with  the  squat, 
compact  build  of  the  pure-blooded  Eskimo,  and  discusses  the  ad¬ 
vantages  of  each  with  respect  to  the  physiologic  demands  of  his 
immediate  surroundings.  Thus,  cold  seems  to  have  a  direct  effect 
not  only  on  men  as  individuals,  but  even  on  the  development  of  the 
race  itself. 

However,  the  purpose  of  this  symposium  is  not  to  discuss  cold 
injury  per  se,  but  rather  to  explore  some  of  the  more  subtle  in¬ 
fluences  of  cold  on  infectious  agents  and  host  responses.  In  the 
laboratory,  as  we  will  be  hearing,  it  is  possible  to  raise  animals,  in¬ 
fect  them  and  measure  their  reactions,  all  under  hypothermic  con¬ 
ditions.  Likewise,  we  may  propagate  the  agent  at  any  point  on  the 
temperature  scale  compatible  with  its  survival.  Yet  Dr.  McClaughry 
has  just  pointed  out  the  difficulties  encountered  when  we  try  to 
undertake  simllur  observations  on  human  populations  living  in  a 
setting  rampant  with  uncontrolled  and  even  unrecognized  variables. 

Part  of  the  trouble  is  that  under  natural  conditions,  both  men  and 
infectious  agents  do  their  best  to  avoid  the  less  than  optimal  environ¬ 
ment  imposed  deliberately  in  the  laboratory.  We  can  set  up  an  ex¬ 
perimental  hypothermic  stress  and  force  mice  to  a  compensatory 
physiologic  adaptation,  one  manifestation  of  which  maybe  a  reduced 
capacity  to  resist  infection.  But  when  it  gets  cold  at  Wainwright  or 
Fort  Yukon,  the  inhabitants  merely  put  on  an  extra  parka  or  add 
more  fuel  to  the  stove.  Only  occasionally  is  a  hunter  caught  on  an 
ice  floe  or  an  airman  down  on  the  tundra  in  circumstances  where 
he  experiences  the  same  sort  of  stress  required  of  the  laboratory 
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mice.  Likewise,  bacteria  and  viruses  grow  best  within  a  rather 
narrow  temperature  range,  although  low  ambient  temperatures  may 
promote  survival.  If  they  are  human  pathogens,  they  usually  prefer 
an  environment  close  to  37°  C.  Fortunately  for  these  organisms, 
they  are  seldom  forced  to  adapt  to  lower  temperatures,  because 
their  human  culture  medium  does  everything  possible  to  maintain 
thermal  homeostasis,  regardless  of  external  conditions. 

Between  1954  and  1957,  I  was  part  of  a  group  under  the  sponsor¬ 
ship  of  the  Armed  Forces  Epidemiological  Board  looking  into  the 
transmission  of  shigella  and  salmonella  infections  in  various  parts 
of  the  Arctic.  Frequently  when  hearing  of  our  studies,  people  would 
ask  how  these  bacteria  withstand  such  an  inhospitable  climate.  Our 
answer  was  that  shigella  and  salmonella  grow  and  multiply  at  37°  C, 
and  people  who  inhabit  the  Arctic  maintain  the  same  body  tempera¬ 
ture  as  that  of  their  distant  relatives  in  better  known  parts  of  the 
world. 

This  does  not  mean  that  there  are  not  both  obvious  and  unrecog¬ 
nized  physiologic  responses  to  cold  which  may  well  have  a  bearing 
on  infectious  illness.  1  am  thinking  of  such  things  as  blood  flow  and 
secretory  activity  of  the  upper  respiratory  tract  and  certain  endo¬ 
crine  responses.  However,  those  of  us  morefamiliar  with  field  than 
experimental  laboratory  studies  have  hesitated  to  attribute  such 
unique  features  as  we  see  to  agents  evolved  under  hypothermic  con¬ 
ditions  or  to  hosts  which  have  been  forced  to  endure  physiologic 
stress  from  cold.  Rather,  if  pressed,  we  are  apt  to  point  to  such 
secondary  effects  of  cold  as  overcrowding  within  dwellings  or  per¬ 
mafrost  which  hinders  sanitation.  Hopefully,  following  this  con¬ 
ference,  our  horizons  will  have  been  broadened  to  include  more 
subtle  influences  which  we  were  previously  unable  or  reluctant  to 
recognize. 


AGENTS  OF  DISEASE  IN  ARCTIC  POPULATIONS 


It  is  convenient,  and  I  believe  justifiable,  to  think  of  mass  disease 
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ns  having  three  components:  the  agent,  the  host  population,  and  the 
environment.  In  other  words,  multiple  factors  inevitably  enter  into 
causation.  The  task  of  the  epidemiologist  is  todetermine  the  nature 
and  relative  importance  ofthesefactors.sothatwe  may  know  where 
to  apply  control  measures  most  effectively. 

I  would  like  to  talk  briefly  and  in  very  general  terms  about  some 
aspects  of  these  three  components  of  mass  disease  as  they  relate  to 
the  Arctic,  and  we  might  begin  with  a  consideration  of  infectious 
agents.  The  first  point  to  be  made  is  that  very  few  human  pathogens 
are  strictly  localized  to  arctic  areas.Ofcourse/iorthern  populations 
have  been  studied  less  intensively  than  residents  of  other  regions, 
and  yet  I  doubt  if  a  totally  new  bacterium  or  virus  having  man  as  its 
primary  host  will  be  isolated  from  these  people.  The  same  cannot 
be  said  with  equal  confidence  for  parasites,  however, because  their 
life  cycles  sometimes  include  intermediate  hosts  unique  to  northern 
latitudes.  The  second  point  I'd  like  to  make  is  that  the  variety  of 
infectious  agents  thus  far  encountered  in  the  Arctic  is  limited,  at 
least  by  temperate  and  tropical  standards.  This  is  hardly  unexpected, 
since  the  same  observation  applies  to  arctic  flora  and  fauna  gener¬ 
ally  (Polunin,  1955;  Bliss,  1962). 

During  our  intestinal  disease  studies  in  Alaska,  Greenland,  and 
Lapland,  some  4,200  people  were  examined  bacteriologically.  Only 
foui-  types  of  shigella  and  five  types  of  salmonella  were  identified, 
and  all  were  familiar  pathogens.  The  greatest  variety  came  from  a 
couple  of  Alaskan  village  populations  which  included  only  325  people. 
Among  nearly  2,000  well  Greenlanders  surveyed,  the  sole  pathogenic 
bacteria  found  were  Sh.  sonnei  in  three  carriers  and  S.  paratyhi  B 
harbored  by  four  others  (Gordon,  1959).  Except  for  one  trematode, 
Cry 'ptocotyle  lingua ,  (.he  parasites  identified  in  stools  of  660 
West  Greenlanders  were  well  recognized  inhabitants  of  the  human 
gastrointestinal  tract.  These  included  E.  coli,  Endolimax  nana, 
Gardia  lambia,  Chilomastix,  and,  surprisingly  enough,  Entamoeba 
histolytica  in  some  16  per  cent  (Babbott,  1961). 

llildes  and  his  colleagues  ( Hi  Ides ,  1958,  1959)  have  carried  out 
serologic  surveys  in  the  Canadian  Arctic,  and  Dr.  Keinhard  will 
speak  shortly  about  similar  work  here  in  Alaska.  The  agents  they 
identified  -  poliomyelitis, Coxsackievirus, psittacosis, ECHOvirus, 
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herpes  simplex,  influenza  and  adeno-viruses,  to  name  several  -  were 
the  same  as  one  might  find  in  many  other  parts  of  the  world. 

But  if  we  are  dealing  with  familiar  agents  of  disease,  we  are  also 
dealing  with  agents  which  may  be  responsible  for  widespread  sick¬ 
ness  and  deatli.  The  impact  of  imported  illness  among  Indians  and 
Eskimos  is  a  sad  story,  and  one  we  hardly  have  time  to  document 
this  morning.  Suffice  it  to  say  that  in  the  19th  century,  waves  of 
smallpox,  typhoid  fever,  pneumonia,  meningitis  and  measles  swept 
through  susceptible  arctic  populations,  and  tuberculosis  has  been 
endemic  at  a  high  level  for  decades.  In  fact,  it  is  only  within  very 
recent  years  that  accidents  have  replaced  tuberculosis  as  the  pri¬ 
mary  killer.  Currently,  accidents  accountfor  approximately  aquar- 
ter  of  total  deaths  in  the  Eskimos  of  Alaska  and  Greenland  (Alaska 
Health  Dept.,  1962;  The  State  of  Health  in  Greenland,  1959). 

As  a  measure  of  life  threatening  forces,  you  might  be  interested 
in  a  few  comparative  statistics.  In  1959,  the  mortality  rate  for 
Alaskan  natives  was  9.7  per  1000  population  and  for  Greenlanders, 
10.3  per  1000  (Alaska  Health  Dept.,  1962;  The  State  of  Health  in 
Greenland,  1959).  This  is  close  to  the  9.3  per  1000  experienced  by 
the  white  population  of  continental  United  States,  or  "the  lower  48", 
as  Alaskans  call  it.  The  birth  rate  for  Alaskan  natives  that  same 
year  was  47.7  per  1000,  and  for  Greenlanders,  51  per  1000;  more 
than  twice  as  high  as  the  birth  rate  among  whites  in  continental 
United  States  (23.1  per  1000).  Taken  together,  the  current  birth  and 
deatli  rates  mean  that  close  to  40  people  are  being  added  to  each 
1000  in  the  population  each  year,  thus  giving  Greenland  and  Alaska 
one  of  the  highest  rates  of  natural  increase  in  the  world.  If  this 
annual  four  per  cent  increase  is  maintained,  the  population  will 
double  in  less  than  eighteen  years.  Considering  limited  arctic  re¬ 
sources,  and  especially  the  limited  locally  available  food  supplies, 
it  is  obvious  that  the  growing  population  will  be  more  and  more  de¬ 
pendent  upon  goods  and  services  brought  in  from  outside. 

We  will  hear  much  pertinent  information  about  the  influence  of 
environment  on  disease  agents  in  the  coming  sessions.  Under  natural 
conditions  in  the  Arctic,  a  human  pathogen,  to  survive,  must  either 
complete  its  life  cycle  within  the  laxly  of  man  or  some  other  warm 
blooded  animal,  or  the  agent  must  be  able  to  withstand  exposure  to 
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cold.  Included  among  sensitive  pathogens  not  having  an  animal 
reservoir  are  the  gonococcus,  pneumococcus,  and  many  respiratory 
viruses.  Trichlnella  and  echinococcus  typify  parasites  having  an 
intermediate  host,  as  does  rabies,  an  importantdisease  in  the  arctic 
setti  ng. 

Dr.  Reinhard  will  have  considerable  to  say  about  the  survival  of 
viruses,  but  as  examples  of  nonviral  agents  resistant  to  environ¬ 
mental  stress,  we  usually  think  of  spore-formers  or  encysted  proto¬ 
zoa.  Among  the  spore- formers,  Clostridium  botulinum,  type  E, 
presents  an  important  health  problem  for  Eskimos  living  along  the 
Bering  Sea  and  northern  Labrador.  Spores  deposited  in  ocean  silt 
may  contaminate  marine  mammals  and  subsequently  propagate  in 
improperly  stored  meat,  such  as  seal  flippers.  Between  1945  and 
I960,  44  human  cases  and  23  deaths  were  reported  (Dolman,  1960). 
However,  studies  have  shown  a  rapid  die-off  of  cysts  of  Endamoeba 
histolytica  at  temperatures  below  freezing  (Chang,  1954).  Although 
we  don't  usually  regal'd  enteric  bacteria  as  particularly  hardy  or¬ 
ganisms,  investigators  from  the  U.  S.  Army  Environmental  Health 
Laboratory  conducted  some  interesting  experiments  in  Fort  Church¬ 
ill,  Canada,  using  fecal  samples  seeded  with  S.  typhl,  S.  paratyphi  B, 
and  Sh.  sonnet  (Human  Wastes,  19  54).  These  were  placed  at  tundra 
sites,  and  recultured  periodically  from  December  to  July.  Sh.  sonnei 
could  not  be  recovered  after  17  days, but  S.  typhl  was  grown  out  after 
45  days  and  S.  paratyphi  B  after  135  days.  The  recovery  period  for 
these  salmonella  organisms  was  even  longer  in  feces  from  carriers. 
They  had  survived,  but  not  multiplied. 

It  might  be  appropriate  here  to  mention  modes  of  transmission 
under  arctic  conditions.  Summed  up  briefly,  it  appears  that  short 
chain,  person-to-person  dissemination  is  more  important  than 
complex,  vulnerable  spread  involving  vehicles,  vectors,  or  extra¬ 
human  reservoirs.  Certainly  the  latter  exists,  as  exemplified  by 
prevalent  diseases  such  as  rabies,  trichinosis  (Thorborg,  1948; 
Connell,  1948;  Bradly,  19  50),  echinococcosis  (Rausch,  1954), diphylo- 
bothriasis,  and  tularemia  (Philip,  1962),  However,  where  bacterial 
intestinal  infections  would  commonly  be  transmitted  through  food 
and  water  in  other  parts  of  the  world,  these  illnesses  in  the  Arctic 
present  an  epidemiologic  picture  much  more  consistent  with  con¬ 
tact  spread  (Gordon,  1959;  Fournelle,  19  59;  Gordon,  1961). The  same 
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goes  for  the  enteroviruses  which  Dr.  Reinhart!  will  discuss  shortly. 
As  a  group,  respiratory  afflictions,  both  viral  and  bacterial,  are 
very  important,  and  of  course  are  spread  by  contact.  In  terms  of 
mortality  for  Alaskan  natives  in  I960,  influenza  and  pneumonia 
ranked  second  only  to  accidents.  Tuberculosis  and  bronchitis  were 
also  among  the  first  10  causes  of  death  (Alaska  Health  Dept.,  1961). 

Thus,  we  may  conclude  that  while  the  variety  of  infectious  agents 
is  limited,  the  organisms  are,  in  general,  very  similar  to  human 
pathogens  isolated  elsewhere.  With  regard  to  transmission,  short 
chain  person-to-person  spread  appears  at  present  to  be  more  im¬ 
portant  than  dissemination  by  vector  or  vehicle. 

Because  much  detailed  attention  will  be  given  toagentsof  disease, 
I  would  now  like  to  mention  a  few  factors  involving  the  host. 


SOME  HOST  FACTORS  IN  DISEASE  OF  ARCTIC  POPULATIONS 


Disease  in  any  population  may  be  described  in  terms  of  certain 
host  characteristics.  One  of  these  is  the  race  or  ethnic  background 
of  the  people  under  study.  At  least  until  very  recently,  tuberculosis 
in  Eskimos  has  behaved  rather  differently  than  itdoes  in  Caucasians. 
Prevalence  was  high,  and  as  of  1957,  30  per  cent  of  adults  living  in 
the  Yukon-  Kuskokwim  delta  region  of  Alaska  had  X- ray  evidence  of 
past  or  current  pulmonary  involvement  (Comstock,  1959).  The 
disease  ran  a  much  more  acute,  oftenfulminating course,  with  many 
extrapul monary  lesions  (Schaefer,  1959).  It  is  interesting  to  note 
that  Negros  in  continental  United  States  used  to  exhibit  a  similar 
response  to  tuberculosis  (Pinner,  1932),  as  did  Senegalese  troops 
during  World  War  I,  living  in  the  same  military  environment  as 
their  French  cohorts  (Borrel,  1920). 

Of  course  it  is  often  difficult  to  differentiate  between  innate  host 
factors  of  resistance  and  environment  as  it  influences  exposure, 
particularly  when  we  study  human  populations.  However,  Lurie  has 
shown  significant  family  variations  in  tuberculosis  susceptibility 
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among  rabbits  receiving  an  identical  dose  of  the  bacillus  (Lurie, 
19-11).  It  does  not  seem  unreasonable  to  postulate  a  similar  diversity 
of  nonspecific  resistance  for  the  human  animal,  even  if  it  is  more 
difficult  to  demonstrate.  In  terms  of  species  survival,  it  is  to  the 
advantage  of  both  host  and  parasite  that  they  live  in  relative  sym¬ 
biosis.  The  long-term  process  of  natural  selection  tends  to  evolve 
such  a  relationship.  But  regardless  of  whether  one  puts  emphasis 
on  host  or  environmental  factors  in  explaining  observed  differences 
in  disease  behavior,  it  is  important  to  consider  and  specify  all 
possible  attributes  of  the  population  under  study,  including  ethnic 
background. 

Age  is  a  second  host  characteristic,  and  we  often  find  an  unex¬ 
pected  age  distribution  of  cases,  especially  when  infectious  illness 
appears  in  isolated  arctic  communities.  For  example,  measles  was 
imported  by  a  Danish  sailor  to  the  vacinity  of  Julianehaab,  Green¬ 
land,  in  1951.  (Christensen,  19  53).  An  attack  rate  of  99  per  cent  re¬ 
sulted,  not  just  among  children,  but  throughout  the  general  popula¬ 
tion.  Only  the  very  elderly  were  spared  in  appreciable  numbers, 
indicating  that  no  measles  had  occurred  in  this  community  in  more 
than  sixty  years.  Likewise,  it  has  been  possible  to  reconstruct  the 
)iasl  history  of  mumps,  poliomyelitis  and  influenza  here  in  Alaska 
by  relating  antibody  titers  to  the  host  characteristic  of  age  (Philip, 
19  59;  Hcinhard,  1960;  Philip,  19C2). 

of  course,  a  very  important  component  of  host  resistance  is  the 
presence  of  specific  antibody,  which  presupposes  prior  contact 
with  the  antigen.  I  will  speak  shortly  about  the  arctic  environment 
as  it  promotes  or  inhibits  such  contact.  But  let  me  return  for  a 
moment  to  a  point  we  touched  on  earlier;  that  is,  under  conditions 
of  normal  arctic  living,  we  lack  epidemiologic  evidence  to  show 
that  low  environmental  temperatures  directly  alter  the  man's  ability 
to  respond  to  an  antigenic  stimulus.  On  the  contrary,  the  Alaska 
Department  of  Health  and  Welfare  does  not  differentiate  between 
the  Indians  of  Southeastern  Alaska  and  the  Eskimos  of  Northern 
Alaska  when  planning  an  immunization  program,  nor  do  they  expect 
resulting  levels  of  immunity  to  differ  from  those  seen  in  continental 
United  Stales  (Pauls,  1962).  Likewise,  serologic  studies  following 
natural  infection  fail  to  demonstrate  deviation  from  an  expected 
distribution  of  antibody  liters  (Philip,  1959;  1962;  Bernhard,  1960). 
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The  reason  for  this  uniformity  in  host  response  under  natural 
conditions  appears  to  be  that  residents  of  Harrow  or  Thule  or 
arctic  Lapland  so  modify  their  microclimate  that  they  seldom  suffer 
physiologic  stress  from  cold,  although  they  are  susceptible  to  some 
of  its  secondary  effects. 

In  the  time  remaining,  I  would  like  to  mention  briefly  certain 
features  of  the  arctic  environment. 


ENVIRONMENTAL  FACTORS  IN  DISEASES  OF 
ARCTIC  POPULATIONS 


The  geographer  defines  the  Arctic  as  that  portion  of  the  northern 
hemisphere  lying  within  the  Arctic  Circle,  which  falls  at  66°  30' 
nor  tli  latitude.  This  marks  the  southern  boundary  of  territory  where 
at  least  one  day  each  summer  the  sun  never  dips  below  the  horizon, 
and  one  day  each  winter  it  never  appears.  The  characteristic  types 
of  terrain  are  tundra,  usually  bordering  the  coast,  taiga  or  inland 
forested  regions,  and  glacial  topography  typified  by  the  Greenland 
ice-cap  and  parts  of  the  Canadian  archipelago. 

TheelimatologistdeJines  the  Arctic  as  that  territory  ly  ing  within 
the  50"  F  isotherm,  an  imaginary  line  which  hounds  an  area  where 
the  average  temperature'  during  the  warmest  month  of  the  year  does 
not  exceed  50°  F  To  the  agronomist,  concerned  with  crop  potential, 
the  number  of  frost  free  days  a  year  is  much  more  important  than 
minimal  winter  temperatures. 

Permafrost  is  one  physical  feature  of  the  arctic  environment 
which  influences  distribution  of  disease,  t'bviously  when  the  earth 
is  permanently  frozen,  subsurface  excreta  disposal  is  dillicult  or 
impossible,  and  water  must  be  procured  from  easily  polluted  surface 
sources.  A  more  indirect,  but  significant  affect  of  permafrost  is  the 
restriction  it  places  on  agriculture.  People  inhabiting  such  an  area 
must  rely  upon  a  hunting  or  fishing  economy  w  ith  its  attendent  lower 
standard  of  living,  unless,  of  course,  military  establishments  or 
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industry,  such  as  mining,  Lire  available  to  provide  employment. 

There  is  no  doubt  that  cold  influences  disease  behavior  in  arctic 
populations,  but  as  I  indicated,  we  have  little  evidence  that  under 
natural  conditions,  cold  of  itself  directly  affects  agent  pathogenicity 
or  host  resistance.  Rather,  it  is  important  because  of  the  way  it 
modifies  the  social  environment  or  the  way  people  live.  For  example, 
houses  must  be  heated  ten  or  eleven  months  of  the  year.  Fuel  is 
expensive  in  terms  of  either  the  money  or  the  effort  required  to 
procure  it.  To  conserve  heat,  dwellings  are  small  with  consequent 
overcrowding,  and  thus  conditions  are  ideal  for  transmission  of 
respiratory  illness. 

Studies  in  other  areas  have  shown  that  the  incidence  of  enteric 
disease  is  influenced  more  by  the  availability  of  water  in  adequate 
quantities  than  by  its  purity  (Hollister,  1955;  Schliessman,  1958). 
Because  of  the  cold,  people  in  arctic  regions  depend  for  many  months 
each  year  on  melted  ice  or  snow  for  their  water  supply,  and  this  a- 
gain  requires  the  expenditure  of  precious  fuel.  It  is  not  surprising, 
then,  that  the  level  of  sanitation  is  low,  and  fecal- oral  spread  of 
intestinal  organisms  is  easily  accomplished.  Yet  with  respect  to 
bacterial  enteric  illness,  low  environmental  temperatures  alsoserve 
a  useful  purpose  m  that  bacterial  pathogens  are  immobilized  and 
killed  off  m  large  numbers,  and  spread  by  flies  is  greatly  minimized. 
C>’lo  appeal's  to  promote  survival,  if  not  multiplication,  of  viral 
agents,  as  l)r.  Bernhard  will  point  out. 


Another  indirect  effect  of  cold  on  arctic  disease  has  been  the 
limitations  it  has  imposed  upon  travel  until  relatively  recently, 
half  a  century  ago,  the  inhospitable  environment  served  to  protect 
people  from  imported  pathogens.  Now,  there  are  few,  if  any,  com¬ 
munities  which  expei  lence  prolonged  isolation.  Fortunately,  im¬ 
proved  communications  brings  not  only  more  conventional  patterns 
of  disease,  but  also  preventative  and  therapeutic  services  as  well. 
Therefore,  it  is  highly  unlikely  that  we  will  see  epidemics  of  the 
magnitude  or  severity  which  characterized  the  Kskimos'  early 
contact  with  the  outside  world.  \s  1  have  mentioned,  death  rates 
among  Alaskan  natives  currently  approximate  those  of  their  fellow- 
citizens  elsewhere.  Our  problem  in  the  future  is  not  to  lower  death 
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rates,  but  rather  to  raise  living  standards,  anti  this  task  is  not  made 
easier  by  the  rapid  population  increase. 

In  closing,  I  would  like  to  touch  upon  a  few  features  of  the  biologic 
environment.  If  this  meeting  had  been  called  in  June,  we  would  have 
been  very  much  aware  of  the  high  mosquitodensity  which  character¬ 
izes  an  urctic  summer.  Surprisingly  enough,  mosquitos  have  yet  to 
be  implicated  as  disease  vectors  in  this  part  of  the  world,  though 
the  possibility  requires  fur  titer  study,  with  particular  reference  to 
the  ARBO  viruses.  As  for  animal  reservoirs,  Hi  Ides  and  his  group 
at  the  University  of  Manitoba,  conducting  serologic  surveys  in  the 
Eastern  Canadian  Arctic,  found  15  per  cent  of  241  Eskimos  possessed 
complement  fixing  antibodies  to  psittacosis  (Hildes,  19  58).  Although 
cross  reactions  with  other  viruses,  especially  trachoma  and  in¬ 
clusion  conjunctivitis,  must  be  considered,  it  is  very  possible  these 
people  contacted  psittacosis  as  a  result  of  eating  raw  birds.  1  have 
already  referred  to  trichinosis,  echinococcosis  and  rabies,  all  of 
which  have  mammalian  reservoirs.  Within  recent  years, brucellosis 
has  been  discovered  in  both  men  and  reindeer  of  the  Soviet  and 
American  Arctic  (Cherchenko,  1961;  Edwards,  1959;  Huntley,  1962). 

Finally,  to  illustrate  the  importance  of  understanding  arctic 
ecology,  let  me  mention  a  Strontium-90  survey  conducted  here  in 
Alaska  with  the  help  of  Colonel  Fulton  (Schulert,  1962).  Because 
of  permafrost,  radioactive  fallout  from  Soviet  nuclear  testing  ac¬ 
cumulates  on  the  surface  of  the  soil  where  mosses,  lichens  and  other 
low  vegetation  grow.  These  plants  provide  forage  for  caribou.  A 
study  of  caribou  antlers  in  Alaska  revealed  a  concentration  of  Sr-PO 
more  than  ten  times  that  of  pooled  deer  antlers  in  California.  Eski¬ 
mos  in  certain  areas  eat  large  quantities  of  caribou,  and  urine 
assays  in  these  communities  showed  that  new  bone  was  being  laid 
down  with  about  12  line  of  Sr-90  pergram  of  calcium,  which  is  four 
times  the  average  U.  S.  concentration.  This  single  problem  required 
the  interrelating  of  knowledge  concerning  meteorology,  geology, 
botany,  anthropology,  animal  ecology,  and  radiobiology. 
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SUMMARY  AM)  CONCLUSIONS 


In  the  short  linn:  available,  it  has  lie  tin  possible*  to  touch  upon 
uni)  a  few  features  which  characterize  the  behavior  of  human  disease 
in  the  Arctic.  In  briefest  summary,  let  me  recapitulate: 

1)  Few  human  pathogens  founil  in  arctic  populations  are  localized 
to  this  go;  graphic  region,  although  some  parasites  may  have  a 
restricted  distribution  coinciding  with  that  of  their  intermediate 
hosts. 

2)  The  variety  of  infectious  agents  is  more  limited  than  in  tropi¬ 
cal  or  temperate  climates, 

;i)  With  respect  to  spread,  short  chain  person- to- person  trans¬ 
mission  appears  at  tins  time  more  important  thandissemination  by 
vector  or  vehicle. 

•I)  The  age  distribution  « >1  cases  and  the  clinical  response  of  i 
particular  ethnic  group  to  a  given  disease  can  usually  be  ex  pi  a  ini'll 
on  the  basis  ut  bast  exposure. 

f>)  Under  eoiiuttioiis  of  normal  arctic  living,  there  is  little  evi- 
uenre  that  low  environmental  temperatures  directly  affect  either 
agent  virulence  or  specific  host  responses.  Bather,  m  arctic  popu- 
I  itions  e  do  is  primarily  important  because  of  its  indirect  effect  on 
the  way  people  live. 

1  !.  ■  not  believe  there  is  such  an  entity  as  "arctic  medicine",  if  by 
t  ha  1  Ue  liieall  a  lIIlli|Ue  set  of  pathologic  con  itions  restricted  to  tins 
geographic  legion.  However,  the  ec  legv  ol  the  Far  North  is  'is 
1 1 net i ve,  mil  may  alter  the  epidemiology  ol  certain  oiseases.  If  all 
illness  IS  ti  ■  be  ellectiv  ely  preveliteo  r  eo|it I'  d |e  ; ,  it  is  important 
th.. I  ue  mi  erstano  ;v  t  ■  nly  its  idiorat  ry  and  clinical  eharieter- 
•sties,  but  1 1 s- ■  its  lii-li a\  i  r  ill  populations. 
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DISCUSSION 


CAMPBELL:  When  you  study  these  native  populations,  in 
Anaktuvuk  Pass  and  Point  Barrow,  for  example,  don't  you  have 
to  consider  the  possibility  of  malnutrition?  It  seems  to  me  I 
have  heard  in  the  past  that  vitamins  may  have  an  influence  on 
viruses. 

BABBOTT:  I  think  that  is  very  important.  It  is  a  nonspecific 
host  characteristic  which  I  neglected  to  bring  in,  but  it  is  im¬ 
portant.  The  reason  1  didn't  bring  it  in  was  that  it  has  been 
very  difficult  to  do  detailed  and  sound  studies  on  nutrition  of 
these  people,  particularly  in  recent  years  when  their  diet  has 
been  undergoing  such  rapid  change.  Dr.  Scott,  of  the  Arctic 
Health  Research  Center,  I  know,  has  worked  on  certain  types 
of  anemias  and  on  vitamin  levels.  I  was  not  familiar  with  a 
very  extensive  literature  on  this,  and  so  I  did  not  include  it; 
but  it  is  important. 

CAMPBELL:  Aren't  Eskimos  calcium  deficient? 

BABBOTT:  Not  that  I  know  of.  Do  you  know  anything  about 
that,  Dr.  Reinhard? 


REINHARD:  Not  in  general,  but  there  may  be  specific  people 
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whose  diet  has  become  so  perverted  that  they  might  be  cal¬ 
cium  deficient.  This  matter  of  diet  is  a  vexing  socio-economic 
situation  here  in  the  northland.  For  instance,  at  Anaktuvuk  Pass 
the  diet  may  be  highly  adequate  in  years  when  the  caribou  are 
coming  through  en  masse,  and  in  other  years,  when  the  cari¬ 
bou  hit  another  way  through  the  mountains,  the  people's  diet 
may  be  down  to  a  bare  minimum  level. 

So  dietary  adequacy  fluctuates  in  these  people  from  time 
to  time.  Now,  in  certain  areas  where  the  game  animals  num¬ 
bered  in  die  millions  in  the  past  have  been  depleted  --  such 
as  the  Kuskoquim  area  --  the  people  just  don't  get  as  many 
fish,  caribou,  whales  or  seals  as  they  did  years  ago.  There 
the  former  diet  has  given  way  to  one  supplemented  to  a  large 
extent  by  flour  and  sugar,  which  isn't  especially  nutritious. 
But  it  is  a  problem  that  needs  study.  It  hasn't  been  studied  very 
well,  and  I'm  glad  you  brought  it  up.  I  might  mention  one  more 
thing.  One  of  the  medical  cliches  of  the  past  held  that  Eskimos 
were  hypersusceptible  to  tuberculosis,  but  it  has  been  demon¬ 
strated  by  vigorous  case  findings,  hospitalization,  and  ambulent 
chemotherapy  programs  in  the  past  eight  years,  that  the  tuber¬ 
culosis  epidemic  could  be  abated  rapidly,  and  I  would  like  to 
propose  that  the  Eskimos  are  considerably  more  resistant  to 
tuberculosis  than  is  generally  conceded,  or  they  might  have  been 
dead  long  ago  --  wiped  out  as  a  race.  We  have  to  differentiate 
between  medically  underprivileged  people  and  hypersusceptible 
people.  They  are  not  the  same. 

MITCHELL:  Are  we  talking  really  and  truly  about  tuberculosis, 
or  are  we  bilking  about  X-ray  evidence  of  a  lung  infection  which 
might  be  or  might  have  been  tuberculosis,  or  a  fungus,  or  some¬ 
thing  other  than,  say,  the  mycobacterium? 

KE1NHAKI):  We  are  talking  about  clinically  proven  cases 
of  tuberculosis,  the  statistics  of  hospital  admission,  the  de¬ 
crease  in  positive  culture  results  in  various  laboratories,  the 
decrease  in  the  malignancy  of  the  cases  entering  hospitals, 
and  the  decrease  in  death  rate.  These  are  all  rather  positive 
changes  that  have  occurred  very  rapidly  in  the  last  ten  years. 
In  other  words,  there  is  proof  there.  It  is  not  a  supposition. 
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MITCHELL:  The  avitaminoses  that  you  are  speaking  of;  would 
you  say  that  is  something  that  we  brought  to  Alaska?  If  we  hadn't 
come  into  Alaska  and  depleted  the  food  supply,  the  natives  of 
this  area  would  not  be  living  on  flour  and  sugar. 

REINHARD:  I  think  it  would  be  well  to  get  rid  of  the  con¬ 
cept  that  the  white  man  has  consistently  done  wrong  to  the  Es¬ 
kimo.  After  all,  the  inequities  caused  by  interactions  of  col¬ 
liding  cultures  are  part  of  the  normal  history  of  the  world,  and 
we  have  to  recognize  that  they  will  occur.  To  go  back  to  the 
original  question,  I  don't  know  of  any  real  data  on  the  general 
occurrence  of  specific  avitaminoses  among  Alaskan  natives. 

NUNGESTER;  Let's  go  back  just  a  moment  to  avitaminosis. 
Is  there  any  evidence  of  scurvy  in  the  Eskimo? 

REINHARD:  I  have  heard  that  traditionally,  Eskimos  were 
supposed  to  have  no  caries,  no  scurvy,  and  no  body  odor. 

SCHMIDT:  Dr,  Babbott,  you  mentioned  that  the  Russian  atomic 
tests  have  caused  a  great  deal  of  Sr90  fallout  in  various  parts 
of  Alaska.  I  was  under  the  impression  that  there  were  other 
countries  also  testing.  Did  fallout  from  these  tests  not  reach 
Alaska? 

BABBOTT:  This  particular  study  was  done  after  the  first 
series  of  Russian  tests.  I  am  sure  they  are  not  the  only  ones. 

MITCHELL:  Dr.  Babbott,  we  could  show  that  people  in  Florida 
are  taller  than  the  people  in  Alaska,  maybe  on  the  average,  and 
perhaps  attribute  this  to  atomic  detonation.  When  you  make 
studies  of  antlers  from  animals  here  in  the  Arctic,  do  you  find 
an  increased  amount  of  Sr99  in  those  antlers  compared  with 
the  antlers  of  animals  gathered,  say,  in  California,  and  sent 
to  Smithsonian  prior  to  the  detonation? 

BABBOTT:  I  think  a  baseline  study  would  be  very  valuable. 

MITCHELL:  It  certainly  would  be  indicated,  because  I  have 
been  plagued  with  information  of  this  kind. 
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BLAIK:  I  was  most  interested  in  the  observations,  Dr.  Rein- 
hard,  of  the  Eskimos'  response  to  treatment  of  tuberculosis. 
There  is  so  much  doubt  about  the  change  in  the  organisms  with 
respect  to  the  chemotherapy,  tlie  rate  of  mutation  of  the  dif¬ 
ferent  strains  and  the  effect  of  the  various  agents  they  use. 
Do  you  have  the  same  problem? 

UE1NHARD:  There  is  a  paper  in  the  1962  AAAS  Alaska  Science 
Conference  by  Shepard  of  the  ADBl'  laboratories  which  gives 
a  resum 6  of  the  decline  in  positive  cultures  over  the  last  eight 
to  ten  years,  and  then  in  surge,  in  1962.  At  the  time  she  postu¬ 
lated  that  tills  was  due  to  an  occurrence  of  resisting  types.  How¬ 
ever,  there  are  many  other  factors  that  were  not  dealt  with  in 
the  paper,  or  brought  under  control,  such  as  the  possibility 
that  tlie  ADH  might  have  been  going  through  another  surge  of 
case  findings.  Furthermore,  the  laboratory  hasn't  been  running 
routine  tests  for  resistance.  So  far,  we  don't  know  whether  there 
is  an  increase  of  the  resistant  types.  I  don't  know  whether  the 
Anchorage  laboratory^  may  have  better  reuslts  than  this.  1  wish 
we  could  call  up  Frank  Pauls  right  now, 

BERRY:  We  do  have  a  man  here,  Dr.  Huntley,  from  die  An¬ 
chorage  Laboratory.  Do  you  have  any  information  on  this? 

HUNTLEY:  No,  however,  I  know  that  die  Alaska  Department 
of  Health  Laboratory  is  now  doing  an  antibiotic  sensitivity  study 
on  positive  TB  cultures  which  has  resulted  in  a  tremendous 
increase  in  die  number  of  cultures  requested  from  field  nurses. 
The  study  has  not  been  under  way  long  enough  (probably  6  to 
8  months),  dierefore,  and  no  data  are  available  on  possible  re¬ 
sistant  strains. 

McCLAUGHRY:  I'd  like  to  make  a  comment  on  Dr.  Babbott's 
remark  that  diere  is  no  such  thing  as  arctic  medicine.  This  has 
been  accepted  as  a  concept  by  the  National  Research  Council 
Committee  on  Tropical  Medicines.  In  attempting  to  sharpen 
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their  definition  of  what  they  were  concerned  with  in  tropical 
medicine,  tiiey  have  also  come  to  recognize  the  phenomenon  of 
medical  underprivilege. 

ANDREWES:  The  thing  that  sLruck  me  about  Dr.  Babbott's 
paper  was  the  very  small  amount  of  evidence  there  was  that 
cold  played  any  part  in  the  story  except  indirectly.  The  effect 
of  cold  on  the  habits  and  crowding  of  the  people  is  obviously  one 
consequence,  but  you  get  crowding  in  underprivileged  people  all 
over  the  world,  including  tropical  areas,  with  the  same  results. 
The  other  tiling  which  so  obviously  effects  the  issue  is  the  lack 
of  past  experience  to  particular  pathogens  causing  these  out¬ 
breaks.  Now,  particularly  in  relation  to  common  cold  research, 
we  thought  it  was  something  of  great  importance  to  conduct  planned 
stuilies  on  the  behavior  of  isolated  communities  to  see  what 
happened  to  them  when  they  were  isolated  and  when  they  made 
contact  with  civilization  again;  and  apparently  we  have  missed 
the  bus,  because  there  don't  seem  to  be  any  isolated  commu¬ 
nities  any  more.  Even  though  tiiey  have  a  permanent  station  on 
the  South  Pole,  1  doubt  if  we  are  ever  going  to  be  able  to  get 
the  kind  of  information  we  hoped  to  get. 

REINHARD:  i  don't  think  the  cause  is  entirely  lost.  There 
are  some  semi-isolated  communities  right  here  in  Alaska  which 
would  provide  beautiful  study  opportunities  to  a  person  if  he 
were  willing  to  sit  down  in  the  community  and  test  for  every 
virus  that  came  through,  but  it  would  be  a  running  fight  all  the 
way.  You  would  have  to  take  what  the  Lord  sent  you  and  analyze 
it  without  a  hope  for  control  on  introduction  of  viruses. 
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The  paper  considers  the  following  factors;  effects  of  various  physical  and  chemical 
environments  on  enteroviruses,  the  mechanism  of  enteroviral  infections,  the  carrier 
slate  in  convalescent  and  immune  individuals,  and  northern  ethnic  and  social  pat¬ 
terns.  The  background  information  on  the  natural  history  of  the  enteroviruses  is 
piecemeal.  Facts  may  be  drawn  from  diverse  works  such  as  the  virology  of  water 
and  sewage  treatment,  interferon  and  the  mapparent  persistence  of  viruses  in  hosts, 
epidemiological  episodes  of  enterovirus  infections,  the  effects  of  cold  climates  on 
community  and  household  hygiene  anti  sanitation,  serological  anti  cultural  studies 
of  enterovirus  ecology,  anti  morbidity  anti  mortality  statistics  on  northern  popula¬ 
tions.  The  author  attempts  to  discern,  through  this  piecemeal  evidence,  the  major 
letermmants  of  enterovirus  ecology  in  northern  areas. 


The  principal  objective  of  this  discussion  will  be  the  develop¬ 
ment  of  concepts  about  the  natural  history  of  enteroviral  infections 
within  the  context  of  the  general  theme  which  deals  with  the  in¬ 
fluence  of  cold  on  host- parasite  relationships.  To  explore  ade¬ 
quate!)'  the  relationship  between  arctic  peoples  and  their  environ¬ 
ments  and  the  enteroviruses,  we  must  borrow  from  such  diverse 
fields  as  virology,  sanitary  engineering,  meteorology,  anthropology, 
archaeology,  epidemiology,  and  the  more  general  aspects  of  natural 
sciences.  This  brief  discussion  does  not  allow  an  exhaustive  treat¬ 
ment  of  all  of  these,  but  if  some  of  the  larger  issues  are  clarified, 
the  author's  hopes  will  be  fulfilled. 

The  large  Enterovirus  group  is  comprised  of  particulate  agents 
which  are  commonly  recoverable  from  the  human  and  animal  gastro¬ 
intestinal  tract.  These  viruses  have  a  ribonucleic  acid  core;  are 
about  28  millimicrons  .n  diameter;  are  pathogenic  for  primates, 
suckling  mice  or  certain  types  of  mammalian  cell  tissue  culture; 
and  are  stabilized  by  cations  against  thermal  inactivation  (Com¬ 
mittee  on  Enteroviruses,  1962).  In  this  group  are  the  polioviruses, 
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The  paper  considers  the  following  factors;  effects  of  various  physical  and  chemical 
environments  on  enteroviruses,  the  mechanism  of  cnteroviral  infections,  the  carrier 
stale  in  convalescent  ami  immune  individuals,  and  northern  ethnic  and  social  pat¬ 
terns.  The  background  information  on  the  natural  history  of  the  enteroviruses  is 
piecemeal.  Facts  mas  be  drawn  from  diverse  works  such  as  the  virology  of  water 
and  sewage  treatment,  interferon  and  the  inapparent  persistence  of  viruses  in  hosts, 
epidemiological  episodes  of  enterovirus  infections,  the  effects  of  cold  climates  on 
oommunit)  and  household  h>gicnc  and  sanitation,  serological  and  cultural  studies 
of  enterovirus  ecology  and  morbidity  and  morluht)  statistics  on  northern  popula¬ 
tions.  The  author  attempts  to  discern,  through  this  piecemeal  evidence,  the  major 
leterminnnts  of  enterovirus  ecology  in  northern  areas. 


The  principal  objective  of  this  discussion  will  be  the  develop¬ 
ment  of  concepts  about  the  natural  history  of  enteroviral  infections 
within  the  context  of  the  general  theme  which  deals  with  the  in¬ 
fluence  of  cold  on  host- parasite  relationships.  To  axplore  ade¬ 
quately  the  relationship  between  arctic  peoples  and  their  environ¬ 
ments  and  the  enteroviruses,  we  must  borrow  from  such  diverse 
fields  as  virology,  sanitary  engineering,  meteorology,  anthropology, 
archaeology,  epidemiology,  and  the  more  general  aspects  of  natural 
sciences.  This  brief  discussion  does  not  allow  an  exhaustive  treat¬ 
ment  of  all  of  these,  but  if  some  of  the  larger  issues  are  clarified, 
the  author's  hopes  will  be  fulfilled. 

The  large  Enterovirus  group  is  comprised  of  particulate  agents 
which  are  commonly  recoverable  from  the  human  and  animal  gastro¬ 
intestinal  tract.  These  viruses  have  a  ribonucleic  acid  core;  are 
about  28  millimicrons  .n  diameter;  are  pathogenic  for  primates, 
suckling  mice  or  certain  types  of  mammalian  cell  tissue  culture; 
and  are  stabilized  by  cations  against  thermal  inactivation  (Com¬ 
mittee  on  Enteroviruses,  1962).  In  this  group  are  the  polioviruses, 
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Coxsackie  A  und  B  viruses,  the  ECHO  (Enteric  Cytopathic  Human 
Origin)  viruses,  the  enteric  viruses  of  animal  origin,  and  the  REO 
(Hespiro- enteric)  viruses.  Why  are  the  enteroviruses  important? 
This  is  well  demonstrated  by  the  kinds  of  diseases  they  cause: 
poliomyelitis,  encephalitis,  aseptic  meningitis,  herpangina, pleuro¬ 
dynia,  pericarditis,  myocarditis,  exanthematous  fevers,  gastro¬ 
enteritis,  and  upper  respiratory  disease.  In  addition,  the  entero¬ 
viruses  cause  a  variety  uf  systemic  diseases  which  cannot  be 
distinguished  as  specific  syndromes,  and  which  are  usually  diagnosed 
clinically  as  fevers  of  undetermined  etiology  (FUE).  These  agents 
are  responsible  for  a  major  proportion  of  illnesses  in  children  and 
infants,  and  are  therefore  significant  in  that  respect  alone.  The 
enteroviruses  are  ubiquitous,  and  are  frequently  recovered  from 
the  upper  respiratory  tract  or  feces  of  people  who  have  no  overt 
disease.  The  following  types  of  human  immunological  enteroviruses 
are  recognized:  poliovirus,  three  types;  Coxsackie  A,  twenty-three 
types;  Coxsackie  B,  six  types ;  ECHO,  twenty-six  types;  and  REO, 
three  types  (Rosen,  1960;  Committee  on  Enteroviruses,  1962).  There 
are,  in  addition,  a  number  of  types  of  animal  origin,  particularly 
bovine  and  porcine  strains.  Of  the  pathogenetic  and  infectious 
characteristics,  more  will  be  related  later. 

All  of  our  information  on  viruses  emphasizes  that  these  are 
obligate  parasites;  physiologically  and  metabolically  incomplete 
organisms  that  must  utilize  other  living  animal  or  plant  cells  in 
order  to  persist  and  propagate.  Undoubtedly,  virologists  will  e- 
ventually  produce  non-cellular  media  composed  of  essential  en¬ 
zymes  and  metabolites  for  cultivating  viruses.  In  the  natural 
realm,  however,  viruses  grow  only  in  living  organisms.  Their 
existence  outside  of  the  living  host  is  a  passive  one.  For  this  rea¬ 
son,  considerations  of  virus  ecology  are  primarily  considerations 
of  host  ecology  plus  physical  environmental  factors  favoring  passive 
persistence  or  dissemination  of  the  virus  between  the  propagation 
periods  in  the  host.  Accordingly,  the  effects  of  cold  on  virus  ecology 
consist  of  its  effects  on  availability  and  suitability  of  hosts  for  the 
viruses,  and  its  effects  on  persistence  of  viruses  in  the  physical 
environment  outside  the  host. 

From  the  epidemiological  standpoint,  there  is  little  reason  to 
believe  Unit  direct  effects  of  cold  on  the  human  host  have  significant 
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relation  to  virus  ecology.  The  arctic  resident  is  not  a  hypothermic 
individual.  Man  lives  successfully  in  the  Arctic  only  because  he 
maintains  a  subtropical  micro-climate  within  his  clothing  and  a 
temperate  climate  within  his  house.  The  previous  speakers  have 
emphasized  the  fact  that  the  effects  of  cold  environments  are  in¬ 
direct;  that  is,  they  have  a  bearing  on  hygiene,  sanitation,  social, 
and  individual  activity  patterns  which  affect  the  passage  of  viruses 
from  host  to  host.  I  do  not  wish  to  minimize  the  message  of  the 
later  discussions  of  effects  of  hypothermia  on  infection.  These  ex¬ 
periments  are  important  medically  from  the  therapeutic  standpoint, 
and  may  also  lead  to  basic  information  on  the  metabolic  and  physio¬ 
logical  aspects  of  cellular  and  systemic  resistance  to  infection;  but 
their  relation  to  the  natural  history  of  humandisease  in  arctic  areas 
is  difficult  to  discern.  Exceptions  to  this  statement  may  be  furnished 
by  the  occasional  excessive  exposure  of  people  to  cold  by  accident 
or  improvidence,  or  by  the  excessive  exposure  of  the  upper  res¬ 
piratory  tract  to  very  cold  air  from  extreme  arctic  conditions  or 
overexertion. 

The  cold  climates  operate  in  two,  apparently  paradoxical  manners 
on  the  ecology  of  the  human  hosts  for  viruses.  First  of  all,  the 
aboriginal  population  has  been  forced  to  settle  indiscrete,  relatively 
small,  often  widely- separated  groups,  or,  in  the  past,  to  live  a 
migratory  life  to  exploit  the  ecology  of  the  basic  food  animals.  Only 
in  certain  areas,  such  as  the  fish- rich  river- valleys  of  the  past, 
did  boreal  population  groups  cluster  closely.  The  bionomics  of  food 
resources,  therefore,  led  to  isolated  humancommunities,  often  with 
discontinuous  communication  in  the  colder  seasons.  This  tended  to 
reduce  the  speed  of  dissemination  of  acute  infectious  disease  be¬ 
tween  communities.  When  isolation  was  enforced  by  armed  guards 
along  the  trail,  as  is  reputed  to  have  occurred  in  Northwestern 
Alaska  during  the  19 1R- 19  Influenza  Pandemic,  villages  could  escape 
epidemic  disease.  On  the  oilier  hand,  a  cold  environment  causes 
close  congested  living  conditions  within  communities  and  families. 
Consequently,  a  highly  infectious  epidemic  disease  spreads  rapidly 
through  a  village  once  it  is  established. 

These  diverse  effects  of  cold  climates  on  human  ecology  and  com¬ 
munication  led  to  another  paradox;  i.e.,  lilt'  season  in  which  arctic 
villagers  were  more  subject  to  inclement  weather  was  also  the  time 
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when  they  were  more  free  of  acute  infectious  disease.  Elder  resi¬ 
dents  of  St.  Lawrence  Island  have  recounted  to  the  author  how,  in 
the  "old  days",  from  fall  to  spring  they  could  expose  themselves  to 
chill  and  fatigue,  yet  never  have  a  "cold",  pneumonia,  or  other  acute 
infectious  disease.  However,  the  first  boat  of  spring  arriving  from 
the  mainland  would  bring  with  it  as  invisible  cargo  acute  infectious 
disease;  particularly  upper  respiratory  disease.  Thereafter,  sick¬ 
ness  would  be  common  on  the  island  until  freezup,  when  cessation 
of  traffic  from  the  mainland  occurred.  Similar  experiences  were 
common  throughout  the  Arctic  in  years  past.  Many  are  the  accounts 
of  introduction  of  disease  into  arctic  villages  through  the  advent  of 
people  from  areas  with  more  concentrated  population.  Repeatedly, 
epidemic  diseases  such  as  smallpox,  measles,  influenza,  and  whoop¬ 
ing  cough  decimated  the  population  in  individual  villages,  affecting 
young  and  old  alike. 

The  general  epidemiological  patterns  of  the  past  are  not  generally 
applicable  to  the  Arctic  today;  particularly  not  in  the  Western  Amer¬ 
ican  Arctic.  Mostvillagesarein  relatively  close  communication  with 
urban  areas  because  of  a  well-developed  air  transport  system. 
There  is  extensive  human  traffic  throughout  the  year,  and  now, 
therefore,  very  few  villages  experience  the  traditional  freedom 
from  acute  infectious  disease  during  the  colder  seasons.  Recent 
epidemiological  studies  of  St.  Lawrence  Island  residents  have  shown 
the  year-round  occurrence  of  acute  infectious  disease  (Reinhard, 
I95G).  However,  this  epidemiological  shift  has  not  been  recognized 
widely.  Perhaps  it  has  been  poorly  documented.  Therefore,  in  the 
concepts  of  the  large  group  of  medical  and  public  health  profession¬ 
als  in  the  more  populated  southerly  areas,  the  Arctic  still  is  the 
place  where  people  are  exposed  only  sporadically  to  infectious  dis¬ 
ease  and  are  hypersuseeptible  to  it  when  it  is  introduced.  The  native 
arctic  population  is  presumed  to  be  immunologically  underdeveloped. 

Adherence  to  these  obsolete  concepts  caused  considerable  alarm 
among  those  concerned  with  native  health  when  a  severe  epidemic  of 
poliomyelitis  occurred  in  Anchorage  and  Fairbanks,  Alaska  in  1953- 
54.  Previous  severe  epidemics  in  Greenland  (Fog-  Foulsen,  1955) 
and  the  eastern  Canadian  Arctic  (Peart,  1949  ;  Adamson,  et  a  1. ,  1949; 
Johnson  and  Wotxl,  1951)  had  caused  great  morbidity  and  mortality 
among  the  native  people  in  those  areas.  It  was  feared  that  similar 
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disaster  would  Re  caused  by  extension  of  tdie  Anchorage  epidemic 
into  the  native  villages  of  Alaska.  However,  only  one  satellite  epi¬ 
demic  occurred;  the  unusual  monotypic  (Type  3)  epidemic  on  St. 
Paul  Island  (Eklund,  19  56).  Sporadic  cases  due  to  various  polio¬ 
virus  types  occurred  in  various  native  vallages,  indicating  that  the 
polioviruses  were  active  in  those  areas.  But  other  than  the  one 
cited,  no  recognized  epidemics  of  poliomyelitis  occurred  in  native 
villages.  This  intriguing  fact  led  to  a  series  of  statistical  (Reinhard 
and  Gibson,  1960)  and  sero-epidemiological  (Reinhard  and  Gerloff, 
1960;  Reinhard,  Gerloff,  and  Philip,  1960)  studies  to  determine  the 
immunological  status  of  Alaskan  natives  with  reference  to  polio¬ 
myelitis.  The  data  are  summarized  by  a  table  and  two  graphs  from 
a  publication  currently  in  press. 

Table  I  shows  clearly  that  between  1950  and  19  54,  Alaskan  natives 
experienced  a  much  lower  morbidity  rate  for  poliomyelitis  than  non¬ 
native  Alaskans.  The  disparity  was  especially  great  in  comparable 
groups  under  15  years  of  age. 

Morbidity  Rate  per  100,000  per  annum 


Age  Group 

Native* 

Non-Native 

Under 

55 

years 

29 

208 

5 

to 

9 

years 

30 

221 

10 

to 

14 

years 

38 

228 

15 

to 

19 

years 

71 

86 

20 

to 

24 

years 

25 

66 

25 

to 

29 

years 

72 

69 

30 

to 

34 

years 

72 

61 

35 

to 

39 

years 

38 

49 

40 

to 

44 

years 

29 

35 

45 

to 

49 

years 

0 

28 

50 

to 

54 

years 

0 

13 

55 

years 

and  over 

0 

0 

r.ihlr  I.  Cnmp.ir.itu i*  poliomyelitis  morbidity  m  Alaskan  natives  and  non- natives, 
by  five-ye.it  .igr  groups,  based  on  reports  to  the  Al.iskn  Depart  merit  of  Health,  19  SO 
li*  U»:Vl.  •  \d  lusted  to  standard  age  group  proportion. 


Figure  1  shows  graphically  the  prevalence  of  antibodies  against 
the  three  types  of  poliovirus  in  morethanTOO  native  Alaskan  males 
representing  47  villages  in  11  geographic  localities.  The  overall 
prevalencies  of  antibodies  against  polioviruses  were:Typel,87  per 
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cent,  Type  2,  92  per  cent,  anci  Type  3,  62  per  cent.  Except  for  cen¬ 
tral  Alaska  (Fort  Yukon)  and  St.  Paul  Island,  the  prevalencies  of 
Types  1  and  2  were  similar  throughout.  Antibodies  against  Type  3, 
which  is  generally  the  rarer  of  the  three  known  poliovirus  types, 
tended  to  decrease  with  increasing  geographic  latitude  and  conse¬ 
quent  decreasing  population  density. 

Figure  2  summarizes  the  results  of  a  serological  cross-sectional 
study  of  the  population  of  St,  Lawrence  Island.  Noticeable  in  this 
study  were  (1)  the  high  prevalence  of  Type  2  antibodies  in  the  chil¬ 
dren,  (2)  the  apparent  reciprocal  relationship  between  decline  in 
prevalence  of  Type  2  antibody  and  increase  in  Types  1  and  3,  and 
(3)  the  uniformly  high  prevalence  of  antibodies  to  all  three  types  in 
the  advanced  age  groups.  The  results  indicated  that  polioviruses 
have  been  endemic,  Type  2  moresothanTypes  1  and  3,  and  that  this 
situation  may  have  existed  for  many  years. 

The  epidemiological  experiences  and  serological  studies  showed, 
therefore,  that  Alaskan  natives  were  generally  highly  immune  to 
polioviruses.  Indeed,  Alaskan  natives  appeared  to  be  much  more 
experienced  with  polioviruses  than  the  urban,  non- native  Alaskan 
population.  One  might  speculate,  with  goal  reason,  that  the  urban 
Alaskan  epidemics  of  1953-5-1  and  earlier  years  might  have  been  de¬ 
rived  from  endemic  foci  in  the  villages.  A  relatively  higher  immunity 
among  natives  as  compared  with  non-natives  was  also  found  by 
Adamson  and  associates  in  a  study  of  a  poliomyelitis  epidemic  in 
Whitehorse,  Y.T.  (195-1).  Sero- epidemiological  studies  by  Hildes, 
Wilt  and  Stackiw  (i959)  indicate  current  development  of  immunity 
against  polioviruses  among  eastern  Canadian  natives. 

The  poliovirus  studies  stimulated  cultural  work  on  the  ecology 
of  enteroviruses  generally  (Ueinhard,  1961).  Table  II  presents  the 
results  of  virological  culture  of  series  of  stool  samples  from  the 
residents  of  native  villages.  The  samplings  for  these  virological 
surveys  were  taken  opportunistically,  as  facilitated  by  field  work 
for  the  study  of  other  problems.  Yet  these  random  surveys  yielded 
a  large  number  of  enteroviral  isolates.  The  Napaskiak-Oscarville 
series  are  particularly  significant  because  of  the  large  variety  of 
types  isolated,  the  wintertime  epidemic  of  infection,  and  the  long 
persistence  of  these  agents  in  so  small  a  population  group.  The 
samples  from  Ft.  Yukon  in  September  1958 ,  and  St.  Lawrence  Island 
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in  March  19  59,  yielded  highly  significant  results  in  that  epidemic 
of  Type  3  poliovirus  infection  were  found  to  occur  in  individuals  who 
had  received  the  full  course  of  formalin-inactivated  (Salk)  vaccine. 
None  of  the  individuals  were  ill  when  sampled. 

Table  111,  derived  from  a  vlrological  study  of  pediatric  disease 
in  Anchorage  shows  that  enteroviruses  were  found  in  every  season 
in  this  urban  area  in  association  with  overt  disease.  Because  of 
overburdened  laboratory  facilities,  virological  surveys  of  healthy 
urban  residents  were  not  conducted. 

Quite  unfortunately,  time,  facilities,  and  tenure  of  research 
operations  did  not  allow  these  exploratory  studies  to  mature  into 
more  rigorous  studies  of  the  natural  history  of  enteroviral  in¬ 
fections  in  the  Arctic.  It  would  have  been  intriguing  and  profitable 
to  monitor  selected  representative  villages  closely  by  virological 
and  epidemiological  means  in  order  to  detect  the  influx,  spread, 
and  persistence  of  various  types  of  enteroviruses  in  different  geo¬ 
graphic  areas,  thereby  enabling  one  todetermine  the  kind  of  clinical 
diseases  which  may  have  been  associated  with  them.  Persistence 
of  virus  in  various  phases  of  the  physical  environment  could  have 
been  studied  both  naturally  and  experimentally.  However,  incomplete 
as  the  exploratory  studies  were,  they  did  demonstrate  that  entero¬ 
viruses,  in  surprisingly  large  variety  and  concentration,  share  the 
arctic  environment  with  man. ..or  vice  versa.1 

Confronted  with  the  certainty  of  the  presence  and  prevalence  of 
enteroviruses  in  Alaska,  one  is  liabletofollowthe  arctic  epidemio- 
logical  cliche  and  presume  that  enteroviruses  have  been  introduced 
into  Alaska  perhaps  early  in  this  century  or  even  more  recently, 
and  have  become  established  und  entrenched  in  the  native  population 
before  the  present  days  of  epidemiological  surveillance.  However, 

1  would  like  to  present  the  thesis  that  enteroviruses  might  have 
accompanied  man  in  his  migrations  into  Alaska  from  the  Asian 
continent  milleniums  ago.  Of  course,  this  thesis  is  beyond  proof, 
and  it  is  really  presented  here  mostly  to  combat  the  arctic  epi¬ 
demiological  cliche.  There  are  features  of  the  enteroviruses,  how¬ 
ever,  which  suggest  strongly  that  they  have  been  constant  com¬ 
panions  of  the  human  race  since  time  immemorial. 
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Parasitological  philosophy  has  developed  the  concept  that  the 
more  successful  and  probably  more  ancient  host- parasite  relation¬ 
ships  are  those  in  which  the  host  rarely  becomes  seriously  diseased 
by  the  presence  of  the  parasite,  and  the  parasite  is  able  to  persist 
in  or  on  the  hostdespite  tissue  or  humoral  reaction.  As  a  group,  the 
enteroviruses  qualify  eminently  as  successful  parasites.  These  are 
the  general  characteristics  of  enteroviral  infections: 

(1)  The  incidence  of  infection  in  an  exposed  population  group  is 
very  high. 

(2)  Infections  are  frequently  asymptomatic,  usually  benign  or 
transitory,  rarely  debilitating  or  fatal  to  the  host. 

(3)  The  host  frequently  becomes  a  carrier ,  disseminating  virus 
for  a  long  period  of  time,  particularly  in  the  feces. 

(4)  Serologically  immune  hosts  can  become  reinfected  enterically 
and  disseminate  virus. 

(5)  The  various  types  of  viruses  are  antigenically  dissimilar  to 
the  extent  that  heterologous  immunization  of  the  host  is  slight  or 
absent,  but  biological  interference  between  virus  types  does  occur. 

In  addition,  enteroviruses  are  known  to  be  highly  persistent  in  nat¬ 
ural  environment,  particularly  when  mixed  with  organic  matter 
stabilized  by  cations  and  in  a  menstruum  of  low'  biological  activity 
such  as  might  be  caused  by  low  ambient  temperature.  We  shall  speak 
of  each  of  these  points  in  turn. 

There  is  ample  evidence  to  show  that  enteroviruses,  in  general, 
are  spread  rapidly.  Eklund  and  Larson  (1959),  in  their  study  of  the 
January  19  54  epidemic  of  poliomyelitis  on  St.  Paul  Island,  showed 
that  the  infection  had  pervaded  the  community  to  a  major  extent  with¬ 
in  18  days.  Their  thorough  study  led  them  to  believe  that  the  virus 
may  have  been  spread,  to  a  large  extent,  from  oropharyngeal  secre¬ 
tions,  either  by  droplets  disseminated  by  coughing  and  sneezing,  or 
by  saliva  exchange  in  the  use  of  common  utensils.  Bhatt,  Brooks, 
and  Fox  (1955),  in  their  detailed  viro-epidemiological  surveillance 
of  poliomyelitis  infections  in  Louisiana,  concluded  that  polioviruses 
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spread  with  such  facility  Unit  the  household  becomes  the  epidemio¬ 
logical  unit;  that  is,  if  one  member  of  a  household  is  known  to  have 
poliovirus  infection,  then  all  members  have  probably  become  in¬ 
fected.  Banker  and  Melnick  (1951)  firstrecovered  Coxsackieviruses 
from  North  Alaskan  regions,  and  Paul  et  al.  (19  51)  found  a  high 
prevalence  of  antibodies  against  the  isolate  in  sera  from  residents 
of  the  community  yielding  the  virus.  Rosen  and  associates  (1958a; 
19  58b),  in  their  detailed  virological  study  of  enteroviruses  in  a 
public  child-care  hospital,  showed  that  most  of  the  children  in  the 
institution  became  infected  withinfour  weeks  after  the  natural  intro¬ 
duction  of  an  enterovirus.  These  are  butfew  of  the  many  descriptions 
in  the  literature  of  explosive  epidemics  of  enterovirus  infection. 
In  the  Northland,  the  natural  close  association  of  all  individuals 
within  a  small  community  facilitates  the  rapid  dissemination  of 
highly  infectious  agents. 

Although  enteroviruses  are  highly  infectious,  the  likelihood  that 
infection  will  result  in  severe  disease  is  relatively  small.  In  the 
St.  Paul  Epidemic  cited  previously,  322  Aleuts  were  involved  and 
the  epidemiological  evidence  indicated  no  previous  experience  with 
Type  3  poliovirus.  Of  these,  less  than  2  per  cent  had  severe  patho¬ 
logical  involvement,  and  0.9  per  cent  died  from  central  paralysis. 
Eleven  (3.4  per  cent)  had  symptoms  of  benign  (aseptic)  meningitis, 
and  4,6  per  cent  had  minor,  transitory  indisposition.  The  entero¬ 
virus  ecological  surveys  of  native  villages  previously  cited,  in  which 
large  proportions  of  the  individuals  sampled  yielded  virus,  had  no 
relation  to  epidemiological  episodes  of  recognizable  disease.  The 
studies  of  child  welfare  institutions  (Rosen  ot  al.,  1958a;  1958b) 
demonstrated  high  incidence  of  enterovirus  infection  yielded  no  clear 
picture  of  association  of  these  viruses  with  specific  disease.  Some 
studies  have  shown  enteroviruses  other  than  polioviruses  to  be  the 
cause  of  epidemics  of  distressing  diseases  such  as  pleurodynia  and 
herpangina  (Huebner  et  al.,  1951;  Huebner  et  al.,  1953).  The  general 
situation,  however,  is  that  a  large  proportion  of  people  who  become 
infected  with  enteroviruses  do  not  have  overt  symptoms  of  disease. 
This  led  in  the  early  years  of  enterovirus  discovery  to  the  term 
"viruses  in  search  of  disease"  or  "orphan"  viruses  (Symposium, 
1957).  These  cliches  have  now  passed  out  of  common  usage,  but  the 
fact  remains  that  enteroviruses  are  capable  of  utilizing  human 
populations  as  habitation  without  production  of  a  high  incidence  of 
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of  serious  disease.  Even  the  poliovirus,  the  most  dreaded  of  the 
enteroviruses,  causes  extensive  pathology  or  death  in  only  a  very 
small  proportion  of  their  hosts.  This  fact  aids  in  the  persistence  of 
enteroviruses;  but  it  also  makes  their  true  bionomic  status  a  diffi¬ 
cult  study  because  of  the  cryptic  nature  of  their  activity. 

It  is  characteristic  of  enterovirus  infection  that  the  virus  may  be 
present  in  large  quantities  in  oropharyngeal  secretions  as  well  as 
feces  and  intestinal  secretions.  Lymphoid  tissue  and  mucosal  epi¬ 
thelium  may  be  the  site  of  propagation  of  virus.  Usually,  oropharyn¬ 
geal  samples  become  negative  for  virus  soon  after  the  acute  stage 
of  tiie  disease.  A  notable  exception  to  this  is  the  case  of  Coxsackie 
A-21  infection,  in  which  virus  has  been  found  in  pharnygeal  swab 
specimens  as  long  as  40  days  after  onset  (Johnson  et  al.,  1962). 
In  most  enterovirus  Infections  the  virus  may  be  shed  in  feces  for 
several  weeks.  Table  IV  shows  duration  of  enter oviral  excretion  as 
demonstrated  by  a  number  of  workers.  Rather  consistently,  entero¬ 
viruses  have  been  demonstrated  in  the  feces  of  a  significant  propor¬ 
tion  of  individuals  a  month  to  six  weeks  after  onset  of  enteroviral 
infection  (Rosen  et  al.,  1958a;  1958b;  Johnson  et  al.,  1962;  Huebner 
et  al. ,  1950).  This  means  that  the  viruses  may  persist  for  a  month 
in  people  whose  serum  antibodies  have  reached  immunologically 
effective  levels.  The  true  duration  of  gastrointestinal  infection  is 
not  known,  for  recent  studies  have  shown  that  treatment  of  feces 
with  freon,  which  dissociates  antigen- antibody  complex,  may  ex¬ 
tend  greatly  the  period  in  which  virus canbe  detected  in  the  healthy 
or  convalescent  carrier  (Howe,  1962).  This  prolonged  carrier  period 
makes  tire  isolation  of  villages  in  cold  climates  less  effective  in  the 
prevention  of  the  introduction  of  enteroviruses,  and  also  helps  to 
maintain  the  viruses  within  village  and  local  area  populations. 

Since  the  advent  of  the  vaccines,  both  the  formalin- inactivated 
and  attenuated  types  against  poliomyelitis,  it  has  become  quite 
apparent  that  circulating  antibodies  againstpolioviruses are nosure 
indication  of  permanent,  solid  immunity.  Serologically- immune  in¬ 
dividuals  can  become  reinfected  with  polio  viruses  homologous  to 
the  serum  antibodies  and  can  excrete  virus (Horstmann et  al.,  1957; 
I’ox  et  al.,  1958;  Gelfand  etal.,  1960).  These  reinfections  are  usually 
limited  to  the  enteric  tract  and  apparently  are  pathologically  be¬ 
nign.  However,  virulent  virus  may  be  excreted  for  extended  periods, 
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leading  to  infection  of  susceptible  individuals  in  the  environment. 
Our  own  data,  previously  cited,  on  the  recovery  of  Type  3  polio¬ 
virus  from  previously- immunized  children  in  Ft.  Yukon  and  St. 
Lawrence  Island,  comprise  a  modest  corroboration  of  this  infectious 
potential  of  enteroviruses.  Recent  work  indicates  that  other  entero¬ 
viruses  may  have  this  same  infectious  potential  (Henigst  et  al.,  1961). 
In  view  of  the  prolonged  carrier  state  and  potential  for  enteric  in¬ 
fection  of  serologically- immune  individuals,  it  is  not  surprising 
that  enteroviruses  can  persist  in  small  semi-isolated  groups  of 
arctic  residents.  The  data  graphed  on  Figure  2  can  be  interpreted 
to  indicate  that  endemic  poliovirus  infection  had  persisted  among 
the  St.  Lawrence  Islanders  for  many  years,  despite  the  group's 
relatively  small  current  size  of  600  individuals  and  less  in  previous 
decades. 

Although  enterovirus  groups  may  have  some  basic  antigenic  simi¬ 
larity  (Halonen  et  al.,  1959;  Melnick,  1955; Wenner  et  al.,  1956),  they 
are  more  dissimilar  in  antigenic  composition  in  that  an  antibody 
stimulated  by  infection  with  one  kind  of  enterovirus  may  not  protect 
against  infection  by  other  types  (Rosen  et  al.,  1958a;  1958b).  The 
earliest  analyses  of  enteroviral  antigenicity  were  made  of  polio¬ 
viruses.  Here  it  was  found  that  Type  2  poliovirus  shares  antigens 
with  both  Types  1  and  3,  and  Type  2  antibodies  may  protect  against 
infection  by  Types  1  and  3.  But  Types  1  and  3  have  little  antigenic 
similarity  and  antibodies  against  them  rarely  cross-protect  (Ham- 
mon  and  Ludwig,  1957;  Wilt  et  al.,  19  58;  Faro,  1959).  This  situation 
is  even  more  diversified  among  the  large  Coxsackie  and  ECHO 
virus  groups.  Consequently,  serial  infections  by  different  entero¬ 
viruses  occur.  However,  simultaneous,  dual,  or  multiple  infection 
is  rare.  This  is  due  to  the  mechanism  of  non-specific  biological 
interference  mediated,  according  to  recent  discovery,  by  the  host- 
produced  Interferon  (Wagner,  I960 ;  Baron  and  Isaacs,  1961),  Thus, 
one  virus  infection  may  produce  a  transitory  non-specific  reaction 
of  the  host  which  renders  the  latter  insusceptible  for  a  period  of 
time  to  other  viral  infections.  These  phenomena,  the  diversity  of 
antigenicity  and  biological  interference,  in  combination,  tend  toax- 
tend  the  period  of  time  in  which  an  introduced  heterologous  group 
of  enteroviruses  remain  active  in  a  given  population  group,  since 
they  limit  superinfection butallow serial  infectionbydifferent  types. 
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Table  V.  Persistance  of  Coxsackie  viruses  in  various  lypes  of  waters.  Time  required  for  thousarxi- 
fold  reduction  of  infective  virus  titer. 
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Considering  the  foregoing  facts,  it  is  not  surprising  that  the 
few  exploratory  studies  conducted  thus  far  have  shown  that  entero¬ 
viruses  are  and  have  been  endemic  in  arctic  areas.  However,  the 
situation  is  not  uniform  throughout  the  Arctic;  for  example,  severe 
poliomyelitis  epidemics  have  occurred  among  natives  in  the  eastern 
Canadian  Arctic,  in  Greenland,  and  on  St.  Paul  Island,  yet  entero¬ 
virus  infections  have  occurred  endemically  and  almost  cryptically 
in  most  areas  of  the  western  American  Arctic.  The  comparative 
isolation  of  communities  in  these  diverse  areas,  due  to  differing 
transport  and  economic  factors,  may  have  much  to  do  with  the 
disparity  of  their  epidemiological  experience.  It  would  be  highly 
desirable  to  determine  how  long  specific  enteroviruses  could  remain 
endemic  in  single  isolated  villages.  At  present,  our  experimental 
approaches  and  methods  may  not  be  equal  to  the  task.  We  do  not 
understand  sufficiently  the  role  of  Interferon  in  cryptic  infection. 
We  have  inadequate  information  on  the  pathogenetic  mechanism  of 
the  carrier  state  in  convalescents  and  reinfection  of  serologically- 
immune  hosts.  Virological  cultural  methods  are  not  adequate  to 
recover  cryptic  or  sparse  viral  flora  with  qualitative  or  quanti¬ 
tative  reliability. 

We  will  turn  from  the  indirect  effects  of  cold  climates  on  entero- 
viral  ecology  which  are  mediated  by  bionomics  of  the  host,  and 
consider  the  direct  effects  on  the  persistence  of  viruses  in  the 
physical  environment.  Salient  in  this  respect  are  the  studies  of  a 
number  of  workers  who  have  been  concerned  with  the  presence  of 
enteroviruses  in  sewage  and  in  contaminated  water  supplies.  Clarke 
and  associates  (19  56,  19  59;  Tsift  Report)  have  shown  that  Coxsackie 
viruses  survive  long  in  pure  waters  with  low  biotic  content  and 
activity.  In  temperate  waters  with  high  biotic  activity  and  little 
or  no  pollution,  the  survival  of  Coxsackie  viruses  was  short.  With 
increasing  organic  pollution  and  consequent  decrease  in  aerobic 
biotic  activity,  the  longevity  of  Coxsackie  virus  increased  greatly. 
Chang  (cited  by  Clarke)  found  that  Coxsackie  virus  stored  in  10  per 
cent  sewage  in  water  at  10°  C  survived  for  440  days.  Table  V  pre¬ 
sents  some  of  thedata  from  several  publications  dealing  with  viabil¬ 
ity  of  enteroviruses  in  water  and  sewage,  and  which  serve  to  illus¬ 
trate  the  foregoing  statements.  Experimentally,  low  ambient  tem¬ 
peratures  were  found  to  extend  the  survival  of  enteroviruses  in 
natural  waters  and  sewage.  The  data  in  Table  VI,  extracted  from 
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Table  VI.  Effect  of  temperature  on  survival  of  various  enteroviruses  in  various  kinds  of  natural 
waters.  Average  time  in  days  for  99.9  per  cent  reduction  in  viable  virus.  (Ref.  39)  Clarke,  Berg,  Knbler 
and  Chang. 
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publications  of  the  Robert  A.  Taft  Sanitary  Engineering  Center, 
illustrate  this  conserving  effect  of  low  temperatures  on  entero¬ 
virus  viability.  They  showthatviabillty  is  enhanced  further  by  gross 
organic  pollution.  Type  1  poliovirus  andECHOType7  persist  two  to 
three  times  longer  at  4°  C  than  at  28°  C  in  relatively  unpolluted 
water,  but  in  sewage  poliovirus  persisted  seven  times  and  ECHO-7 
four  and  a  half  times  longer  at  the  lower  temperature.  The  pre¬ 
serving  effect  of  cold  storage  was  not  nearly  so  marked  with  Cox- 
sackie  A-9  and  ECHO-12  as  with  the  first  two  agents. 

A  few  laboratory  studies  have  given  some  information  on  persis¬ 
tence  of  viability  of  enterovirus  cultures  at  various  temperatures.  In 
one  investigation  of  viability  of  viruses  in  tissue  culture  held  at 
37°  C,  the  following  half-lifes  were  observed:  Poliovirus-1, 47  hours; 
ECHO-1,  24  hours;  ECHO-4, 18  hours; ECHO-6, 40  hours; ECHO-9,19 
hours;  and  ECHO-20, 2.5hours(Lehmann-GrubeandSyverton, 1959). 
In  another  study,  ECHO- 20,  which  was  quite  short- lived  at  37°  C,  re¬ 
mained  fully  viable  for  a  year  when  stored  at  -20°  C  (Rosen  et  al., 
1958a),  Data  kindly  provided  by  Dr.  H.G.  Cramblett  (1962)  showed 
that  certain  enteroviruses  would  survive  six  to  eleven  times  longer 
at  20°  C,  and  twenty  to  sixty  times  longer  at  5°  C  than  they  did  at 
37°  C.  The  presence  of  cells  and  organic  debris  enhance  viability. 
Although  freezing  is  a  common  means  of  long-term  preservation  of 
viruses  in  laboratory  procedures,  little  is  known  ofa  definitive  na- 
ure  of  the  effects  of  successive  freezing  and  thawing.  Generally, it  is 
considered  deleterious  to  virus  viability  butdefinitive  informa  tionon 
this  point  gained  in  controlled  experiments  would  be  desirable. 

\ 

In  general,  the  experimental  evidence  shows  that  low  ambient 
temperatures,  high  organic  content,  and  low  biological  activity  favor 
the  long-term  persistence  of  enteroviruses  in  aquatic  menstruum. 
These  favorable  conditions  could  be  provided  by  the  haphazard  human 
waste  disposal  methods  of  many  small  arctic  communities. 

Limited  experiments  have  shown  that  soil  absorbed  large  quanti¬ 
ties  of  poliovirus;  it  remained  viable  for  three  weeks  in  natural 
soil  ami  for  six  weeks  in  previously  sterilized  soil  (Murphy  et  al., 
1958).  These  experiments  were  carried  out  at  30°  C,  but  one  could 
expect  much  longer  survival  of  enteroviruses  in  soils  at  lower  en¬ 
vironmental  temperatures.  The  information  available  is  sketchy, 
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and  much  more  extensive  experiments  should  be  conducted  in  which 
the  wide  variance  in  soil  character  and  chemical  composition  are 
considered. 

On  the  basis  of  preceding  information,  we  can  reasonable  expect 
that  the  physical  environment  in  arctic  communities  should  be  cap¬ 
able  of  maintaining  viral  contamination  for  extended  periods  of  time. 
As  a  further  complication,  the  low  ambient  temperatures  of  most  of 
the  seasons  would  tend  to  hinder  means  of  eliminating  pollution  with 
viruses,  for  it  is  known  that  the  virucidal  activity  of  halogens  is 
much  reduced  at  low  temperatures  (Clarke and  Kabler,  1954;  Clarke 
et  al.,  1956).  Clearly,  enterovirus  activity  in  arctic  communities 
presents  challenging  issues  to  the  microbiologist,  epidemiologist, 
and  sanitary  engineer.  Imaginative  and  thorough  research  would  be 
required  to  clarify  these  issues. 

The  scope  and  depth  of  virological  and  immunological  research 
in  recent  years  have  forced  a  revision  of  many  a  time-honored  epi¬ 
demiological  or  bionomic  concept.  The  revisions  have  occasionally 
been  drastic.  In  accordance  with  progress,  it  would  be  well  to  re¬ 
examine  critically  the  current  concepts  of  arctic  epidemiology  and 
change  them  to  conform  with  the  facts  of  natural  history  as  they 
are  discerned  by  more  subtle  and  penetrating  scientific  approach 
and  methodology.  We  are,  however,  confronted  with  two  conditions 
that  are  conducive  to  investigational  inadequacy.  First  is  the  rela¬ 
tively  undeveloped  condition  of  arctic  biomedical  research  inthat  it 
has  been  accustomed  to  dull,  often  obsolescent  tools,  and  has 
been  carried  out  in  piecemeal,  often  superficial  fashion.  Second 
is  the  condition  of  the  arctic  human  community;  it  is  in  a  state  of 
rapid  change  socially,  culturally,  demographically,  and  econom¬ 
ically.  The  scientific  approaches  must  be  equal  to  the  task  of  dis¬ 
cerning  the  forces  which  produce  the  changes  as  well  as  recording 
the  changes  quantitatively  and  qualitatively. 

The  Arctic  offers  fabulous  opportunities  for  imaginative,  tech¬ 
nologically- solid  epidemiological  research.  The  unique  facilities  of 
the  Arctic  are  the  small  villages  with  well  defined,  fairly  stable 
populations.  These  villages  can  serve  as  convenient,  easily  com¬ 
prehended  population  study  groups.  The  semi- isolation  offers  ex¬ 
cellent  opportunity  for  the  controlled  study  of  natural  introduction, 


68 


ENTEROVIRUSES  IN  ALASKA 


pathogenesis,  persistence,  and  disappearance  of  infectious  agents. 
The  people  of  these  villages  are  pleasant,  cooperative  and  highly 
reliable  when  their  individuality  and  dignity  are  respected.  They 
prize  the  opportunity  to  participate  intelligently. 

In  like  manner,  the  individuality  of  the  microbial  agent  must  be 
respected.  The  natural  history  of  enteroviruses  is  not  equivalent  to 
that  of  Br.  abortus.  Each  virus  group,  each  bacterial  species,  as 
well  as  each  environment  must  be  approached  in  a  manner  free  of 
preconception  in  order  toderivetheutmostinobjective  information. 
There  is  no  doubt  that  dedicated,  persistent  application  of  progres¬ 
sive  approaches  and  methodology  to  the  problems  of  arctic  diseases 
will  uncover  a  large  fund  of  information  which  would  not  only  contri¬ 
bute  in  application  to  the  health  of  arctic  residents,  but  which  would 
also  yield  a  greater  fundamental  understanding  of  the  natural  history 
of  diseases. 
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DISCUSSION 


MARCUS:  I  have  great  fear  of  the  Jovian  wrath  that  falls 
on  people  who  ask  questions  in  the  field  of  enterovirus  and  polio, 
and  I  have  to  confess,  in  asking  this  question,  I  am  very  ig¬ 
norant  on  the  whole  subject.  I  am  a  little  confused  on  a  point 
here,  though.  You  insinuated,  I  think,  Dr.  Reinhard,  that  a  person 
who  has  had  an  enteroviral  disease  can  recover  from  it  and  still 
excrete  this  virus  as  a  carrier? 

REINHARD:  For  a  period  of  several  months.  We  don't  know 
actually  how  long. 

MARCUS:  This  is  an  active  infection,  but  it  is  somewhat 
similar  in  nature  to  what  is  done  in  immunizing  with  oral  virus 
against  an  enterovirus.  If  nobody  is  looking,  I  will  say  it,  polio¬ 
virus.  I  read  in  Readers  Digest  and  Time  that  when  you  immunize 
by  this  means,  you  destroy  the  excretion  of  virus,  so  you  don't 
pollute  the  water  supply  which  comes  from  the  sewage  that  you 
don't  get  back  from  the  tap. 

REINHARD:  I  wonder  how  well  some  of  these  concepts  will 
stand  the  test  of  time? 

MARCUS:  I  see.  In  other  words,  you  feel  that  perhaps  some  of 
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the  statements  that  are  made  are  not  based  on  thoroughly  tested 
data? 

SUL  KIN:  Not  exactly.  Actually,  while  there  might  be  a  per¬ 
sistence  of  the  attenuated  strain,  the  concept  1b  that  the  very 
presence  of  the  attenuated  strain  would  prevent  wild  type  virus 
from  invading  the  host.  So,  you  are  dealing  with  two  different 
agents;  one  interfering  with  the  invasion  of  the  host  by  the  other. 

REINHARD:  You  are  speaking  about  biological  interference? 

SUL  KIN:  Yes,  this  is  precisely  the  mechanism  which,  it  is 
hoped,  will  operate  as  a  result  of  oral  immunization. 

MARCUS:  And  when  the  excretion  of  the  avirulent  strain 
ceases,  you  would  say,  then,  the  individual  is  susceptible  once 
again? 

WALKER:  He  is  considerably  more  resistant  to  infection, 
even  in  the  gut. 

MARCUS:  Is  this  true  of  the  other  enteroviruses? 

WALKER:  They  can  be  reinfected  with  other  antigenic  strains, 
but  they  must  be  more  resistant. 

MITCHELL:  If  you  had  virus  particles  of  the  so-called  attenu¬ 
ating  type  and  the  so-called  wild  type,  equal  In  number,  and 
you  placed  them  before  the  susceptible  cells,  which  would  the 
cell  choose?  Would  it  choose  the  attenuated,  or  is  the  attenuated 
virus  more  aggressive  than  the  wild  type? 

SUL  KIN:  The  point  is,  by  introducing  attenuated  virus,  that 
attenuated  virus  will  replicate  in  the  most  desirable  part  of 
the  body  for  that  organism,  which  happens  to  be  the  alimentary 
canal,  so  that  you  no  longer  have  equal  numbers. 

MITCHELL:  It  is  already  there  and  usually  has  the  advan¬ 
tage  of  an  Increased  population.  A  good  big  man  can  always  whip 
a  small  man. 
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SULKIN:  There  are  two  factors  to  consider.  One  1b  the  repli¬ 
cation  of  attenuated  virus,  and  the  other  is  that  it  is  conferring 
local  immunity  so  that  small  doses  of  a  wild  type  virus  cannot 
gain  a  foothold  in  the  host. 

RE1NHARD:  I'd  like  to  propose  an  additional  thought.  You 
remember  that  in  the  St.  Lawrence  study  the  graphs  of  Types 
1,  2,  and  3  poliovirus  antibodies  Indicated  interference  between 
the  three  types  in  the  chronology  of  initial  Infection  and  immuno- 
genesis.  (See  Figure  2  in  manuscript.)  Secondarily,  there  was 
a  fifteen  to  twenty  year  periodicity  between  resurgence  in  pre¬ 
valence  of  antibodies,  correlated  with  increase  in  titers.  I  wish 
we  had  more  extensive  data  to  test  the  validity  of  these  phe¬ 
nomena.  I  am  wondering,  however,  whether  these  graphs  do 
not  give  a  true  picture  of  the  natural  decline  of  antibodies  in 
an  endemically  exposed  population  to  the  point  where  reinfection 
and  reinforcement  of  antibodies  takes  place. 

METCALF:  Keeping  in  mind  the  so-called  doctrine  of  original 
antigenic  sin1  and  the  experiences  gained  with  influenza  viruses, 
is  there  anything  in  this  data  which  could  or  might  be  interpreted 
as  heterological  booster lng  of  one  type  by  another?  Does  that 
happen  in  the  polio  group? 

RE1NHARD:  Not  in  type-specific  antibodies.  Does  anybody 
else  have  any  information? 

SULKIN:  Heterotypic  antibody  responses  have  been  observed 
in  vaccinated  individuals  as  well  as  following  natural  infection 
with  poliovirus.  Some  time  ago  Sabin2  described  the  transitory 
appearance  of  Type  II  neutralizing  antibody  in  patients  infected 
with  Type  I  poliovirus  and  suggested  that  these  two  types  shared 
a  common  antigen. 

REINHARD:  This  would  be  due  to  actually  shared  antigens. 


1  Davenport,  F.  M.,  A.  V.  Hornicssy,  and  T.  Francis,  Jr.  1953.  J.  Exp.  Med,  98:  641-6S6. 

2  J.  Exp,  Med.  96:  99-106.  1952. 
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SULKIN:  Yes.  In  the  report3 4  describing  the  immunologic 
classification  of  polioviruses  into  three  distinct  types  it  was 
Indicated  that  they  did  not  share  a  common  antigen.  However, 
other  studies,  such  as  that  Just  referred  to  by  Sabin,  would 
indicate  that  common  antigens  do  exist,  A  soluble  complement- 
fixing  antigen  crosses  in  the  CF  test  with  heterotypic  polio¬ 
myelitis  antibodies. 

METCALF:  There  are  serum  neutralization  tests.  I  wonder 
if  there  is  any  danger  of  a  crossing  here  which  you  might  miss 
interpreting? 

REINHARD:  They  were  remarkably  specific;  however,  in  a 
population  cross  section  study  like  this,  in  the  adult  group, 
where  antibodies  against  all  three  types  are  present,  it  would 
be  difficult  to  unscramble  the  Type  antibody  reactions.  But 
note,  however,  the  early  prevalence  of  Type  2  reactions  and 
the  later  rise  of  Types  1  and  3  antibodies.  The  peak  prevalence 
of  Type  3  antibody  was  hinted  around  twenty  some  years  of  age. 
Type  1  was  most  prevalent  at  age  twenty  or  so,  as  I  remem¬ 
ber.  Of  course,  the  peak  prevelance  of  Type  2  antibodies  was 
in  children. 

SULKIN:  Isn't  this  quite  similar  to  the  situation  reported 
several  years  ago  by  Hektoen  and  Boor^  when  they  studied  simul¬ 
taneous  multiple  immunization  of  rabbits  with  a  variety  of  anti¬ 
gens?  I  recall  there  was  a  remarkable  response  to  a  blunder¬ 
buss  vaccine  containing  as  many  as  35  antigens,  although  some 
"crowding  out"  effect  was  observed,  that  is,  failure  of  antibody 
to  develop  to  one  or  more  antigens  included  in  the  vaccine.  This 
may  account,  at  least  in  part,  for  the  observation  to  which  you 
refer. 

REINHARD:  Yes. 

MARROW:  I  should  like  to  make  one  observation  as  a  physician; 


3  National  Foundation  Committee.  1951.  Am.  J.  Hyg.  54:  191-20  4. 

4  J.  Infect.  Dls.  48  :  588-594.  1931. 
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the  emphasis  has  been  upon  natives  as  contrasted  to  Caucasian 
groups,  but  in  a  similar  cultural  environment  in  isolated  geo¬ 
logical  survey  parties  in  military  and  other  construction  groups, 
there  is  the  same  phenomenon.  I  have  been  clinically  associated 
with  medicine  for  fifteen  years  in  this  area.  The  fact  is  that 
when,  on  the  rare  occasion,  the  Caucasian  lives  in  the  same 
socio-economic  status  as  the  native,  the  pattern  is  very  similar 
to  that  you  describe. 

REINHARD:  Yes,  right.  And  if  you  compare,  say,  the  Alaska 
natives  with  the  residents  of  Cairo,  the  situation  is  quite  similar. 

CAMPBELL:  I  want  to  bring  up  one  question  relative  to  the 
persistence  of  virus  in  relation  to  organic  composition  or  the 
amount  of  organic  material.  I  was  just  wondering  whether  this 
is  actually  a  persistence  or  perhaps  a  growing;  is  it  static  or 
dynamic? 

REINHARD:  The  organism  is  static.  These  were  viability 
tests. 

CAMPBELL:  There  is  something  in  the  high  organic  environ¬ 
ment  that  stabilizes  it. 

REINHARD:  Evidently.  We  could  look  back,  for  instance,  to 
the  protective  action  of  colloids.  In  organic  contamination  by 
sewage,  you  probably  have  a  few  cations.  Another  factor,  too, 
Dr.  Campbell,  is  the  fact  that  particularly  in  sewage,  where  there 
is  an  excessive  amount  of  organic  content,  the  aerobic  biological 
activity  is  decreased.  This  is  evidently  a  conditioning  factor, 
for  where  there  is  a  great  amount  of  aerobic  biologic  activity, 
the  virus  just  does  not  last  very  long,  but  when  the  environ¬ 
ment  becomes  anaerobic  or  abiotic,  then  the  virus  may  last 
a  long  while.  For  instance,  in  distilled  water,  the  virus  via¬ 
bility  is  greatly  increased.  Does  that  answer  your  question? 

CAMPBELL:  Not  entirely,  no.  You  really  have  to  do  an  ex¬ 
periment,  of  course,  and  have  those  cells  present. 

REINHARD:  The  people  at  Sanitary  Engineering  Center  were 
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dealing  with  water  in  which  there  were  actual  active  organisms, 
and  they  were  measuring  organic  content,  biological  activity, 
and  virus  viability  very  closely. 

WALKER:  This  stabilizing  effect  of  proteins  and  certain  ions 
is  a  fairly  well  known  one  that  is  used  and  taken  advantage  of 
regularly  in  the  laboratory  for  stabilization  of  these  and  other 
viruses,  and  is  used  to  prolong  storage  of  viruses. 

NUNGESTER:  And  bacteria. 

REINHARD:  Yes. 

BERRY:  Thank  you.  Dr.  Reinhard.  I  suppose  as  moderator 
of  this  session,  it  is  up  to  me  to  summarize  everything  that 
has  been  said  this  morning.  I  would  not  attempt  it,  really,  but 
1  would  like  to  say  that  on  the  basis  of  this  opening  session, 
it  seems  rather  clear  that  there  is  no  evidence  whatsoever  of 
any  significance  that  would  indicate  that  arctic  environment 
is  particularly  predisposing  io  human  diseases  of  an  infectious 
nature.  There  are  certain  unique  situations  that  arise  as  a  re¬ 
sult  of  the  environment  that  alter  housing  and  in  certain  groups 
of  people,  the  natives  particularly,  the  diet.  Their  prior  ex¬ 
perience  with  various  microbic  agents,  and  actually  these  would 
apply  not  only  in  the  Arctic,  but  probably  in  all  other  environ¬ 
ments  and  in  all  other  parts  of  the  earth,  shows  rather  clearly 
that  in  the  human  being,  cold  may  or  may  not  be  stressful.  In 
fact,  the  measure  of  man's  adaptation  to  the  arctic  environ¬ 
ment  is  his  ability  to  live  with  minimum  stress,  and  I  assume 
that  with  minimum  stress  there  is  a  minimum  change  and  response 
to  bacterial  and  viral  disease. 


79 


OPENING  REMARKS  ON  PROBLEMS  OF  IMMUNIZATION  IN 
STRESSED  ANIMALS 

Dun  H.  Campbell 

Department  of  ChemtBtry 
California  Institute  of  Technology 
Pasadena,  California 


First  I  will  orient  you  with  our  own  interest  which  began  about 
when  Dr.  Larry  Irving  was  setting  up  a  laboratory  at  Pt.  Barrow. 
We  agreed  that  something  should  be  done  on  immunological  re¬ 
search  and  biochemical  problems.  From  this  first  investigation  it 
became  obvious  that  many  problems  were  apparent  and  should  be 
investigated. 

One  of  the  first  things  that  interested  me  was  the  arctic  ground 
squirrel  whose  body  temperature  goes  down  to  near  freezing  when 
it  hibernates  in  the  winter.  If  it  gels  a  little  colder,  the  animal 
Wilkes  up  and  shivers  and  then  goes  back  to  sleep.  This  is  a  rather 
fantastic  situation,  but  it  might  be  representative  of  the  extremes 
between  hypothermic  and  normal  conditions.  When  the  squirrel  is 
active,  he  makes  up  for  the  time  he  sleeps  in  various  ways,  so  that 
his  metabolism  is  probably  a  little  abnormal  both  in  the  summer 
ami  in  the  winter.  We  first  began  to  study  the  blood  patterns  in 
normal  and  immunized  animals  to  see  if  they  would  produce  anti¬ 
bodies.  The  idea  then  was  to  go  through  the  gamut  of  tests.  Most 
of  these  have  not  yet  been  completed. 

We  studied  antibody  formation,  and  to  some  extent,  persistence 
or  fate  of  antigens  and  antibodies.  Most  of  this  work  Inis  never  been 
published.  One  of  the  first  interesting  problems  which  impressed 
me  was  that  in  the  winter  time,  the  squirrel's  blood  didn't  clot. 
At  first  this  was  a  nuisance,  because  we  wanted  the  blood  to  clot 
for  serum  studies.  This  was  significant  in  that  as  the  btxly  tempera¬ 
ture  decreased,  the  clotting  time  increased,  and  in  the  hibernating 
animal,  there  was  practically  no  clot  formation.  Back  at  the 
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California  Institute  of  Technology,  Ur.  Irving  and  I  continued  this 
work  using  rabbits.  Dr.  Trapani  and  Dr.  Sutherland  joined  our  team 
there. 

At  the  California  Institute,  we  found  that  when  we  kept  the  rab¬ 
bits  at  about  -20°  C,  their  body  temperature  didn't  go  down,  ane 
therefore,  one  couldn't  call  them  hypothermic  animals.  In  order 
to  keep  rabbits  alive  in  a  "nuked"  state,  their  hair  must  be  re¬ 
moved  slowly.  In  our  experiment,  a  strip  the  width  of  a  safety 
razor  blade  was  removed  about  every  three  or  four  days  over  a 
period  of  weeks  until  the  rabbit  was  shaved.  If  the  rabbit  was 
previously  conditioned  to  -20°  C  for  about  two  weeks,  he  would 
survive  and  live  happily  at  -20°  C,  while  an  unconditioned  shaved 
rabbit  would  die  within  24  to  28  hours.  We  studied  these  conditioned 
rabbits  for  antibody  formation,  half-life  of  antigen,  and  particularly 
the  half-life  of  antibodies. 

While  in  the  Arctic,  we  also  carried  out  a  study  of  blood  types, 
including  Kh,  in  several  Eskimo  villuges.  Following  this,  some 
preliminary  studies  were  made  on  lemmings.  They  turned  out  to  be 
very  poor  antibody  formers,  which  indicates  for  the  first  time  that 
the  metabolic  state  of  the  animal  plays  a  very  important  role  in 
immune  mechanisms.  In  the  cold  animal  stored  in  a  cold  box,  anti¬ 
body  disappeared  very  rapidly,  which  is  probably  due  to  the  rapid 
protein  turnover.  In  a  normal  rabbit,  this  process  was  about  1/3  as 
fast. 

If  we  put  antigen  in  the  arctic  ground  squirrels  about  the  be¬ 
ginning  of  hibernation,  it  would  be  there  at  the  end  of  hibernation 
just  before  they  became  active,  and  the  same  thing  was  true  with 
passively  transferred  antibody.  If  either  antigen  or  intib.my  was 
injected  during  the  summertime  when  they  were  active,  it  wuk. 
disappear  very  rapidly.  Babbits  were  active  in  the  o  L  ana  their 
metabolism  was  high;  under  these  conditions  the  protein  turned 
over  at  a  very  fast  rate.  When  antibodj  was  injecte  ,  it  rapi  :ly 
disappeared,  .\ntigen  behaves  in  somewhat  the  same  way,  although 
little  study  lias  been  made  on  this  aspect  as  yet. 

These  experiments  brought  to  mind  seme  survival  slu.  ies  in 
Sonoma  Pass  that  I  heard  about  in  which  there  'oeurre,  a  very 
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Figure  1.  Electrophoretic  patterns  of  serums  from  active  (normal)  and  hibernating 
Arctic  squirrels. 
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Figure  2.  Electrophoretic  patterns  of  human  serums  obtuinedduring  late  winter  from 
Chicago  area  .ml  Fairbanks  area. 
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high  incidence  of  respiratory  diseases  among  the  Marines  in  spite 
of  immunization.  We  suspect  that  lack  of  resistance  was  due  to  the 
rapid  metabolic  turnover  of  Ab  protein. 

Shown  in  Figure  1  is  a  regular  electrophoretic  pattern  of  awake 
and  hibernating  squirrels.  The  hibernating  squirrels  show  a  higher 
amount  of  protein  than  the  awake  squirrels  which  may  reflect  a 
loss  of  blood  volume  during  hibernation.  Note  the  fast- moving  com¬ 
ponent  which  developed  in  a  lot  of  the  hibernating  squirrels.  The 
fibrinogen,  if  it  is  there,  would  probably  be  in  the  beta  component. 
It  is  very  difficult  to  interpret  these  data  because  of  the  extreme 
abnormality  of  the  physiological  state  of  the  animal. 

Figure  2  shows  a  comparison  of  serums  taken  in  January  from 
healthy  volunteers  at  Ladd  Field  in  Alaska.  A  peculiar  thing  was 
that  the  beta  anomaly,  usually  occurring  in  the  descending  boundary 
of  practically  all  normal  human  serums  in  the  temperate  zones, 
was  absent.  I'm  not  sure  that  this  is  significant,  but  this  beta 
boundary  disturbance  is  in  some  way  associated  with  lipoproteins. 
In  the  summer  time  most  serums  showed  this  component.  In  the 
first  studies,  it  was  concluded  that  serums  from  these  men  did  have 
a  higher  clotting  time  in  winter  than  in  the  summer.  I  never  saw 
the  actual  data  which  should  be  more  carefully  studied. 

Figure  3  presents  data  on  the  retention  of  antigen  in  the  livers 
of  normal  and  immunized  rabbits.  I  have  included  it  to  show  that 
antigen  in  the  normal  rabbit  will  persist  for  a  long  period  of  time 
in  the  liver,  and  can  be  detected  up  to  350  days  after  the  last 
injection,  thus  making  it  a  baseline.  Recent  work  by  Jerislav 
indicates  that  the  antigen  persists  a  lot  longer  in  hibernating 
squirrels. 

Experiments  designed  to  determine  if  high  altitude  and  low 
temperature  had  any  effect  on  experimental  asthma  in  guinea  pigs 
were  conducted  by  Dr.  Heimlich  and  Dr.  Trapani  at  the  White 
Mountain  laboratory.  The  results  indicated  that  if  guinea  pigs  were 
sensitized  at  room  temperature  and  sea  level,  they  were  quite 
resistant  to  challenge.  Subsequent  studies  suggested  that  this  re¬ 
sistance  was  apparently  a  stress  phenomenon,  and  if  the  guinea 
pigs  were  allowed  to  adapt  for  a  few  weeks,  they  reacted  like 
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DAYS  AFTER  LAST  INJECTION 

Figure  3.  Semilog  plot  of  retention  In  perfused  liver  tissue  of  single  injection  of  50  mg 
of  S33BSA  (A):  single  Injection  of  50  mgS35KLH  (B):  9  Injections  of  10  mg  each  of  S35I(S  \ 
(C);  9  Injoctlons  of  10  mg  each  of  S3*KLH  (D).  Each  point  represents  average  value  for 
3-5  rabbits.  Center  of  circles  Indicates  mean  of  distribution,  indicated  by  the  arrows. 
(From  Garvey  and  Campbell,  Jour.  Exp.  Mod.,  105,  361.  1957.) 

animals  at  a  higher  temperature  and  at  sea  level.  Apparently 
the  answer  involved  hypersecretion  of  corticosteroids. 

There  are  many  practical  problems  dealing  with  the  relation 
of  cold  stress  of  adaptation  to  immune  mechanisms.  Many  factors 
other  than  metabolism  must  be  involved.  For  example,  skin  tests 
may  depend  to  some  extent  on  the  state  of  peripheral  capillary  cir¬ 
culation,  and  immune  responses  in  general  will  depend  upon  the  pre¬ 
vious  history  of  the  subject.  In  finishing,  1  wish  to  emphasize  the 
importance  of  Dr.  Viereck's  statement;  namely,  that  the  physio¬ 
logical  state  of  an  animal  must  be  determined  and  not  assumed. 
Furthermore,  there  is  a  greatdifference  between  stress,  adaptation, 
and  normal  states. 
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SULK1N:  In  the  antigen  decay  experiment  with  the  Arctic 
ground  squirrel,  I  wonder  if  you  have  attempted  such  an  ex¬ 
periment  at  a  time  when  the  animal  does  not  ordinarily  go  in¬ 
to  hibernation?  In  other  words,  have  you  measured  antigen  at 
another  season  of  the  year,  such  as  the  summer  time? 

CAMPBELL:  Yes,  even  while  they  are  active  both  antigen 
and  antibodies  disappear  very  rapidly  in  the  summer  time.  It 
is  a  problem  because  squirrels  do  become  active  a  while  be¬ 
fore  they  come  out  of  their  burrows,  so  actually  you  have  to 
dig  them  out.  We  did  have  an  artificial  setup  at  Point  Barrow, 
finally.  It  took  us  about  two  years  to  learn  how  to  get  them  to 
hibernate.  The  first  two  years  they  all  died;  the  next  year  some¬ 
body  got  some  ambition  and  hnuled  down  a  few  tons  of  sand  from 
the  Mead  River  where  these  squirrels  live.  The  sand  was  put 
in  a  wire  enclosure  so  the  squirrels  couldn't  get  out,  and  we 
could  go  out  to  the  pen  and  dig  them  up.  They  become  active 
for  a  couple  of  weeks  before  they  come  out  of  hibernation. 

MONCRIEF:  Does  the  inability  to  form  antibody  also  imply 
an  Increased  destruction  of  antigen? 

CAMPBELL:  1  can't  answer  that  because  they  go  hand  in  hand. 
Now,  in  the  production  of  antibody,  antigen  is  destroyed.  This 
is  a  fact.  Now,  whether  antigen  has  to  be  destroyed,  I  don't  know. 
Supposing  it  was  not  destroyed.  If  it  is  not  broken  down,  it  is 
not  antigenic.  We  think  that  antigen  is  broken  down  into  par¬ 
ticles  about  the  size  of  templates,  and  that  antibody  formation 
is  just  modified  biosynthesis  of  gamma  globulin  by  the  RNA, 
because  it  is  always  associated  with  the  soluble  RNA;  we  know 
the  soluble  RNA  does  turn  over  during  protein  synthesis,  and 
the  more  protein  being  synthesized,  and  the  more  active  the 
cell  is,  the  greater  the  rate  cf  this  turnover.  Well,  when  it 
breaks  down  and  turns  over,  then  litis  template,  or  some  of 
it,  may  be  lost.  This  is  a  reflection  of  the  rapid  protein  syn¬ 
thesis,  and  some  of  those  fragments  are  always  being  secreted 
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by  the  cell.  There  is  u  possibility,  if  antigen  acted  as  a  tem¬ 
plate,  that  it  may  momentarily  be  associated  with  the  antibody, 
but  actually  would  Immediately  disassociate,  or  disassociate 
soon  after  it  got  out  of  the  cell,  probably  inside  it.  There  is  no 
question  but  that  antigen  breakdown  and  loss  is  associated  with 
antibody  formation. 

MONCRIEF:  Not  necessarily  the  other  way  around? 

CAMPBELL:  No. 

MONCRIEF:  Do  you  know  anything  about  the  diet  of  the  hiber¬ 
nating  animal  with  respect  to  protein,  carbohydrate,  and  fat 
composition  that  these  people  on  Ladd  Field  worked  with  when 
they  measured  clotting  time? 

CAMPBELL:  The  hibernating  nnimal,  of  course,  isn't  eating. 

MONCRIEF:  Prior  to  his  going  into  hibernation. 

CAMPBELL:  He  is  in  pretty  goal  shape  under  natural  con¬ 
ditions.  I  don't  know  what  all  they  do  eat,  besides  berries  and 
roots,  and  so  on. 

MONCRIEF:  The  only  reason  I  ask,  is  that  a  very  peculiar 
observation  came  up  about  a  year-  ago;  Walter  Blum  was  put¬ 
ting  patients  on  starvation  diets.  These  patients  were  placed 
on  a  completely  carbohydrate-free  diet,  nothing  but  fat  and  pro¬ 
tein;  he  drew  blood  samples  from  these  patients  and  placed  them 
in  the  freezing  portion  of  the  ice  box,  and  a  few  weeks  later 
when  1  happened  to  be  visiting  him,  he  took  samples  out  to  show 
them  to  me.  He  pulled  about  twenty  samples  of  blood  out  of 
the  refrigerator,  six  of  which  were  from  patients  on  this  diet. 
The  other  fourteen  were  frozen  solid,  but  the  six  on  this  diet 
were  still  completely  liquid.  He  later  annlyzed  these  for  every¬ 
thing  he  could  consider  possible  and  found  nothing  to  be  ab¬ 
normal  in  the  bloal  except  an  elevation  of  the  non-esterified 
fatty  acids.  Even  serum  osmolarity  was  the  same. 

CAMPBELL:  I  forgot  to  mention,  these  sera  that  don't  clot, 
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and  even  the  rabbit  sera  that  clot  very  poorly,  are  very  low  in 
complement.  Complement  has  always  been  associated  with  clot¬ 
ting.  I  don't  know  just  what  the  connection  is,  but  the  French 
used  to  consider  prothrombin.  Well,  that  turned  out  to  be  not 
true,  but  these  hibernating  squirrels  have  practically  no  com¬ 
plement,  and  in  rabbits'  sera  that  have  been  stored  for  a  while, 
the  complement  goes  down;  it  goes  along  with  the  blood  clotting. 
It  would  be  interesting  to  study  the  complement  titer  which  might 
go  down  very  rapidly  in  some  of  these  patients  where  the  blood 
clotting  goes  down  after  hypothermia. 

BLAIR:  Yes,  this  occurs  only  at  fairly  deep  levels  of  hypo¬ 
thermia,  and  1  think  it  is  important  to  bring  this  out.  It  has  been 
traced  to  reduction  of  platelets,  and  this  is  probably  due  to  trap¬ 
ping  in  the  capillaries.  The  periods  of  hypothermia  at  this  level 
are  so  short  that  it  is  quite  unlikely  that  anything  happens  to 
the  fundamental  mechanisms  that  involve  the  clotting.  Whether 
there  is  any  actual  alteration  in  the  protein  response  is  probably 
unlikely  for  these  short  periods. 

CAMPBELL:  But  even  if  the  complement  was  reduced  for  a 
short  period,  It  might  play  a  role. 

TRAPANI:  Are  any  of  these  serum  changes  detectable  before 
hibernation,  or  just  following  hibernation? 

CAMPBELL:  This  is  the  problem,  of  course,  and,  let's  see, 
maybe  Dr.  Tunevall  could  tell  us  about  this  work  in  Sweden  on 
the  polypeptide  from  tire  brown  fat.  I  think  they  have  been  work¬ 
ing  on  it  in  tire  porcupine.  This  is  the  problem  that  really  in¬ 
trigues  me.  The  brown  fat  evolves  during  hibernation;  and  even 
the  shaved  rabbits  will  begin  to  show  a  little  brown  fat.  This 
has  always  been  associated  with  hibernation,  if  you  could  iso¬ 
late  a  polypeptide,  it  would  be  the  perfect  anesthetic.  This  was 
realized,  I  think,  quite  a  few  years  ago. 
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Department  of  Experimental  Immunology 
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ABSTltACT 

This  paper  concerns  antibody  production  and  decay  In  animals  exposed  to  environ¬ 
mental  extremes  of  low  temperature  (-15°  C)  or  high  altitude  (12,600  ft.  and  14,600  ft.), 
or  In  which  on  Imbalance  In  endocrine  activity  has  been  produced.  It  soon  became 
apparent  from  our  earlier  studies  that  It  was  not  possible  to  Investigate  the  effect 
of  environmental  stress  without  Implicating  physiological  alterations  which  might 
occur  and  thus  Influence  the  synthesis  and  metabolism  of  antibody.  Our  studies  were 
extended  to  Include  animals  which  were  In  endocrine  Imbalance  In  an  attempt  to  Iso¬ 
late  one  of  several  physlologloal  factors  which  might  be  altered  under  conditions 
of  stress.  The  study  of  those  physiological  factors,  their  lnter-relatlonshlps,  and 
their  Influenoo  on  antibody  synthesis  and  decay  Is  expressed  In  the  term  lmmuno- 
physiology.  Tho  study  of  adrenalectomleed,  thyroxin-treated, and  surgically  thyrold- 
edomlted  animals  helps  to  explain  the  Immune  response  of  cold- exposed  animals 
which  exhibit  an  Increased  thyroid  activity.  The  Immune  response  can  be  thought 
of  as  being  oomposed  of  two  processes;  antibody  production  and  antibody  decay,  oc- 
curing  simultaneously,  but  not  necessarily  at  the  same  rate.  For  example,  a  net 
Increase  In  circulating  antibody  might  arise  from  (a)  an  unchanged  production  asso¬ 
ciated  with  a  decreased  rate  of  decay;  (b)  an  Increased  production  associated  with 
a  decreased  rate  of  decay;  or  (c)  a  decreased  production  associated  with  a  marked 
decrease  In  decay  rato. 


The  discussion  I  wish  to  present  concerns  antibody  production 
and  decay  in  animals  exposed  to  environmental  extremes  of  low 
temperature  (-15°  C)  or  high  altitude  (12,500  ft.  and  14,150  ft.),  or 
in  which  an  imbalance  in  endocrine  activity  has  been  produced 
(Trapani,  1957,  1960,  1961;  Trapani  and  Campbell,  1959;  Trapani, 
Lein,  and  Campbell,  1959a  and  1959b;  Trapani  and  Jordan,  1962). 


I  Those  studios  were  aided  by  Contract  Nonr  3545(00)  (Nil  102-573)  between  tho  Office 
of  Naval  Itescaroh,  Department  of  the  Navy,  and  the  National  Jewish  Hospital  at  Denver. 
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The  experimental  animal  was  the  rabbit;  the  antigen- antibody 
system  used  was  bovine  serum  albumin  (BSA)  and  anti-BSA  pre- 
cipitins.  The  low  temperature  studies  were  done  in  an  especially 
constructed  cold  box  having  a  capacity  of  10  rabbits.  Adequate  pro¬ 
vision  was  made  for  lighting  and  fresh  air  without  drafts,  and  the 
animals  were  kept  on  wire  mesh  in  individual  cages.  Water  was 
changed  four  times  a  day  because  of  freezing  and  standard  food  was 
provided  ad  libitum.  Animals  exposed  to  high  altitude  were  main¬ 
tained  at  the  Barcroft  Laboratory  (altitude  =12,500  ft.)  of  the  White 
Mountain  High  Altitude  Station  in  California,  or,  in  more  recent 
studies,  at  the  Summit  Laboratory  (altitude  =14,150  ft.)  of  the  Inter- 
University  High  Altitude  Laboratory,  Mount  Evans,  Colorado. 

Much  of  the  work  discussed  here  was  done  in  collaboration  with 
Professor  Dan  H.  Campbell  atthe  California  Institute  of  Technology. 

It  became  apparent  from  our  earlier  studies  on  the  immune  re¬ 
sponse  that  it  was  not  possible  to  investigate  the  effect  of  environ¬ 
mental  stress  without  implicating  physiological  alterations  which 
might  occur  and  thus  influence  the  synthesis  and  metabolism  of 
antibody.  Our  Initial  studies  on  the  effect  of  low  environmental 
temperature  and  high  altitude  were  extended  to  include  experiments 
on  animals  which  were  in  endocrine  imbalance  in  an  attempt  to 
isolate  one  of  several  physiological  factors  which  might  be  altered 
under  conditions  of  stress.  The  study  of  these  physiological  factors, 
their  inter-relationships,  and  their  influence  on  antibody  synthesis 
and  decay  is  expressed  in  the  term  immunophysiology. 

The  purpose  of  my  discussion  is  not  necessarily  oriented  toward 
the  elucidation  of  all  of  the  problems  relatingto  antibody  formation, 
but  rather  to  emphasize  some  of  its  complexities  and  some  of  the 
secondary  factors  which  influence  the  immune  response.  The  topic 
of  interest,  for  the  moment,  is  not  concerned  with  speculations  re¬ 
lating  to  cellular  mechanisms  per  se  which  maybe  responsible  for, 
or  may  participate  in,  the  synthesis  of  a  particular  protein  by 
antibody  forming  cells.  Rather,  I  will  attempt  to  elucidate  the  role 
of  certain  physiological  factors  which  Influence  the  basic  synthetic 
mechanisms  involved  in  our  test  system. 

Buried  in  the  literature  of  the  exploits  of  people  exposed,  either 
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by  design  or  accident,  to  environmental  extremes  of  low  tempera¬ 
ture  or  high  altitude  are  accounts  of  changes  in  resistance  to  in¬ 
fection  and  disease.  However,  little  quantitative  experimental  work 
on  the  immune  response  has  been  done  under  controlled  environ¬ 
mental  conditions.  Some  of  our  first  studies  were  those  utilizing 
rabbits  acclimatized  to  an  environmental  temperature  of  -15°  C, 
or  else  exposed  to  an  altitude  of  12,500  ft.  at  the  Barcroft  Laboratory 
of  the  White  Mountain  High  Altitude  Station  in  California. 

A  first  approach  to  the  investigation  of  the  Immune  response  was 
the  study  of  protein  turnover,  by  passive  immunization  techniques. 
In  this  procedure,  homologous  gamma  globulin  containing  specific 
antibody  is  injected  intravenously  into  recipient  animals.  The 
animals  are  bled  periodically,  and  the  concentration  ofserum  anti¬ 
body  estimated  by  quantitative  micro-precipitin  analysis  (Lanni, 
Dillon,  and  Beard,  1950).  The  results  are  plotted  semi- logarith¬ 
mically  as  the  percentage  of  the  injected  dose  remaining  in  the 
circulation  versus  time.  The  slope  of  the  linear  portion  of  the  curve 
(assumed  to  be  steady  state  loss  of  antibody)  is  calculated  by  the 
method  of  least  squares,  extrapolated  back  to  zero  time,  and  the 
half-life  of  the  injected  antibody  calculated  from  that  point. 

The  half-life  of  passively  administered  homologous  antibody  for 
controls,  cold- exposed,  and  high- altitude  adapted  animals  was: 
4.7  ±  0.2,  3.4  ±  0.2,  and  4.5  ±  0.2  days,  respectively.  The  cold  ex¬ 
posed  animals  have  a  significantly  increased  rate  of  antibody  turn¬ 
over,  while  those  at  high  altitude  do  not. 

Rabbits  exposed  to  -15°  C  for  10  weeks  and  clipped  of  hair  during 
the  latter  half  of  that  period  were  actively  immunized  by  the  sub¬ 
cutaneous  injection  of  BSA  (10  mg  per  kg  body  weight)  in  Freund's 
adjuvant.  Levels  of  circulating  antibody  were  followed  for  a  period 
of  52  weeks  (Fig.  1).  Rabbits  maintained  at  room  temperature 
and  treated  in  the  same  manner  were  used  as  controls. 

The  level  of  circulating  antibody  in  the  cold  exposed  group  in¬ 
creased  at  a  slower  rate  than  in  the  control  group  and  approached 
control  levels  at  approximately  14  weeks.  There  was  then  a  decline 
in  both  groups,  but  at  different  rates,  throughout  the  remainder  of 
the  experimental  period,  so  that  by  the  end  of  52  weeks  the  level 
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Figure  1.  Circulating  antibody  levels  In  rabbits  Immunized  with  BSA  plus  Freund's 
udjuvenl  (10  mg  BSA  por  kg  body  wl)  at  time  zero.  The  cold  exposed  group,  kept  at  an 
environmental  temperature  of  -15°  C,  was  progressively  clipped  during  the  first  8  weeks 
and  tmmunlr.ed  after  a  10-week  exposure. 


of  circulating  antibody  in  the  cold  exposed  group  was  approximately 
50  per  cent  of  that  in  the  control  group. 

If  these  data  alone  are  considered,  it  would  appear  that  the  cold 
exposed  animal  does  not  synthesize  antibody  as  well  as  the  non- 
exposed  animal.  However,  it  must  be  remembered  that  curves  of 
this  type  represent  not  only  antibody  production,  but  also  antibody 
decay.  Thus,  part  of  the  difference  may  be  attributed  to  an  increase 
in  protein  degradation,  as  inferred  from  passive  antibody  decay 
studies. 

Since  cold  exposed  animals  have  been  shown  to  have  increased 
thyroid  activity,  it  seemed  important  to  investigate  the  activity  of 
the  thyroid  gland  on  the  immune  response.  Studies  were  based  on 
the  a  priori  assumption  that  hyperactivity  ofthe thyroid  contributed 
to  the  immune  response  of  cold  exposed  animals.  The  interesting 
and  complicating  fact  is  that  eventhough  the  assumption  may  be  va¬ 
lid,  the  experimental  observations  did  not  answer  completely  our 
questions. 
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A  study  was  made  of  passive  and  active  immunization  in  rabbits 
which  were  either  surgically  thyroidectomized  or  treated  with  thy¬ 
roxin.  The  half-life  of  passively  administered  antibody  inthyroidec- 
tomized,  thyroxin- treated,  and  controls  (Fig.  2)  was: 8.9*  0.4,  3.8  * 
0.2,  and  4.7  *  0.2  days,  respectively. 

Similarly  prepared  groups  of  rabbits  were  actively  immunized 
with  BSA  (10  mg  per  kg  body  weight)  in  Freund's  adjuvant.  Figure 
3  displays  the  data  obtained  from  the  experiment.  The  circulating 
antibody  level  in  the  thyroidectomized  grouprises  gradually  and  ap¬ 
proximates  the  control  level  at  about  14  weeks  after  immunization. 
The  thyroxin- treated  group,  on  the  other  hand,  not  only  had  an  in¬ 
itially  higher  level  of  circulating  antibody,  but  also  displayed 
measurably  increased  amounts  of  antibody  3  days  after  immuniza¬ 
tion.  This  early  response  was  not  present  in  either  of  the  other 
groups.  After  the  initial  high  level  of  circulating  antibody  in  the 
thyroxin- treated  group,  there  was  a  decline  to  levels  below  those  of 
controls,  and  then  a  second  increase.  Thus,  there  is  a  similarity 
between  hyperthyroid  and  cold  exposed  animals  in  terms  of  an  in¬ 
creased  rate  of  proteinturnover.  However,  the  net  immune  response 
after  active  immunization  shows  little  similarity  between  hyper¬ 
thyroid  and  cold  exposed  rabbits. 

Since  experiments  concerned  with  thyroid  activity  did  not  clarify 
the  results  obtained  with  cold  exposed  animals,  we  next  investigated 
the  role  of  the  adrenal  gland  on  the  immune  response.  One  reason 
for  this  approach  was  the  observationthathigh- altitude  acclimatized 
rabbits  showed  an  increased  immune  response,  and  animals  under 
these  conditions  exhibit  an  increased  adrenal  activity. 

Figure  4  shows  the  results  of  active  immunization  of  rabbits  ac¬ 
climatized  to  14,160  ft.  at  the  Summit  Laboratory  of  the  Inter- 
University  High  Altitude  Laboratory  at  Mount  Evans,  Colorado. 
Immunization  was  accomplished  with  a  single  intravenous  injection 
of  10  mg  BSA  per  kg  body  weight.  The  animals  were  bled  periodi¬ 
cally  for  the  next  5  weeks  and  then  returned  to  Denver  (altitude  = 
5,280  ft.)  where  further  samples  were  taken.  After  circulating  anti¬ 
body  had  reached  low  levels,  the  animals  were  given  a  secondary 
intravenous  challenge  with  10  mg  BSA  per  kg  body  weight.  Sixteen 
weeks  later,  a  third  immunization  dose  was  given  in  the  same 
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Figure  3,  Circulating  antibody  levels  In  surgically  thyroldectomlred,  thyroxin- 
treated,  and  untreated  control  rabbits  Immunised  with  BSA  plus  Freund's  adjuvant 
(10  mg  BSA  per  kg  body  wt)  at  time  tero. 


manner.  Maximum  utilization  of  the  experiment  could  be  had  in  this 
way,  and  information  relative  to  the  time  course  of  re-adaption  to 
the  lower  altitude  obtained. 

After  primary  injection,  the  animals  at  high  altitude  had  levels 
of  circulating  antibody  approximately  60  per  cent  higher  than  con¬ 
trols,  and  were  significantly  different.  After  the  secondary  challenge, 
the  group  previously  exposed  to  high  altitude  had  levels  of  circulating 
antibody  approximately  35  per  cent  higher  than  controls,  even  though 
they  had  been  residing  at  the  lower  altitude  for  about  six  weeks.  A 
third  immunization,  22  weeks  after  descent  to  lower  altitude,  showed 
no  difference  between  the  two  groups.  In  this  experiment,  the  time 
course  of  response  to  the  antigenic  stimulus  was  similar  for  both 
groups.  The  maximums  reached,  however,  by  the  high- altitude  group 
were  greater  both  while  at  themountainand6  weeks  after  returning 
to  the  lower  altitude. 
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Figure  Passive  .mlltxxly  decay  In  bilaterally  adremilcctonilzcd  and  control  rub- 
bils. 
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Figure  5.  Circulating  antibody  levels  In  bilaterally  adrenalectomized  and  control 
rabbits  immunized  with  USA  and  Freund's  ndjuvent  (10  mg  BSA  per  kg  bod)  wt)  at 
time  zero. 
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Figure  6.  Circulating  a nl i ln> l>  levels  in  rn bints  adapted  to  high  altitude  anti  im¬ 
munized  with  MSA  (10  nig  per  kg  h  »l\  «t)  mt ravenously,  l  indicates  the  pnnun  In¬ 
jection,  and  2  and  3  indicate  the  second  and  third  challenge,  respective!) . 
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The  next  point  of  information  I  wish  to  present  is  that  of  the  im¬ 
mune  response  of  adrenalectomlzed  animals.  Even  though  there  is 
an  abundance  of  literature  dealing  with  the  effect  of  the  adrenal 
steroids  on  various  aspects  of  the  immune  response,  little  has  been 
done  utilizing  extirpation  experiments.  If  the  reaction  of  the  animal, 
deprived  of  its  endogenous  source  of  hormone,  can  be  established, 
then  the  activity  of  various  available  steroid  preparations  might  be 
more  accurately  assessed. 

Rabbits  were  bilaterally  adrenalectomlzed  in  a  one- stage  opera¬ 
tion  (Zak,  Good,  and  Good,  1957)  using  a  ventral  mid-line  approach. 
They  were  maintained  on  1  per  cent  saline  for  drinking  water  with 
free  access  to  food,  and  allowed  to  recover  for  3  to  4  weeks  before 
being  used  in  the  experiments.  Passive  decay  of  antibody  (Fig.  5)  in 
adrenalectomlzed  rabbits  was  not  significantly  different  from  con¬ 
trol  animals.  Active  Immunization  (Fig.  6)  shows  an  apparent  net 
decrease  in  the  immune  response  of  adrenalectomlzed  rabbits. 

It  has  been  reported  that  adrenal  steroids  depress  the  immune 
response.  The  data  presented  here,  however,  indicate  thatadrenal- 
ectomy  results  in  a  decreased  immune  response.  These  apparently 
contradictory  results  present  a  paradox,  and  point  to  the  complexity 
of  experiments  of  this  kind. 


DISCUSSION 


The  immune  response  can  be  thought  of  as  composed  of  two 
processes  (antibody  production  and  antibody  decay)  occurringsimul- 
laneously,  but  not  necessarily  at  the  same  rate.  It  is  possible  to 
measure  the  decay  rate  of  passively  administered  homologous  anti¬ 
body;  however,  what  is  measured  in  the  actively  immunized  animal 
is  Die  net  result  of  antibody  production  and  decoy.  It  is  conceivable, 
therefore,  that  an  increase  in  antibody  production  might  be  offset 
by  an  increase  in  antibody  decay  so  that  the  net  level  of  circulating 
antibody  measured  is  apparently  unchanged. 
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ANTIBODY  DECAY - ► 


Figure  8.  HcUlionship  .»(  .mtilxxly  pruluction  .iml  .uitilxxly  clcc.i.v  lo  the  net  ini  mum' 
response. 

Some  of  the  complexities  of  the  physiological  relationships  which 
might  pertain  to  the  immune  response  of  animals  exposed  to  environ¬ 
mental  extremes  or endocrineimbulancecanbederivedfrom  Figure 
7.  For  example,  cold  exposed  unimals  exhibit  a  decreased  immune 
response,  as  measured  by  circulating  precipitating  antibody.  This 
may  be  the  result  of  a)  an  unchanged  rate  of  production  associated 
with  the  increased  rate  of  decay,  b)  a  decreased  rate  of  production 
associated  with  an  increased  rate  of  decay,  or  c)  an  increased  rate 
of  production  which  is  not  of  sufficient  magnitude  to  offset  the  in¬ 
creased  rate  of  decay. 

Figure  8  presents  a  theoretical  relationship  between  antibody  pro¬ 
duction  and  decay.  If  production  and  decay  are  "balanced"  against 
each  other,  we  then  arrive  at  the  line  labeled  "control".  If  we  now 
manipulate  the  animals'  physiology  so  that  antibody  production  or 
decay  is  altered,  it  is  possible  to  :u-rive  at  a  net  response  which 
is  either  increased  ordecreased.  If  production  and  decay  are  altered 
to  the  same  degree  and  in  the  samedirection,  the  net  response  could 
still  fall  on  the  control  line,  and  the  observation  would  be  no  net 
change  in  response.  As  a  consequence,  the  actual  alteration  would 
be  obscured  in  this  test  system,  and  other  avenues  would  have  to  be 
explored  to  arrive  at  a  more  definitive  answer. 


100 


ANTIBODY  FORMATION 


The  persistance  of  antigen  (Garvey  and  Campbell,  1956)  and  its 
degradation  in  the  host  animal  may  also  be  altered  under  conditions 
of  environmental  extremes  or  endocrine  imbalance.  Recent  studies 
of  antigen  disappearance  in  hibernating  ground  squirrels  ( Jaroslow 
and  Smith,  1961)  have  shown  that  there  was  no  detectable  disappear¬ 
ance  of  antigen  during  14  days  of  hibernation.  After  arousal,  however, 
the  induction  period  for  antibody  formation  was  shorter  than  in  non- 
hibernating  animals.  It  appears  that  this  response  is  a  reflection  of 
the  physiological  state  of  the  animal. 

Even  though  certain  physiological  changes  might  be  implicated 
a  priori,  it  is  difficult  to  attribute  the  net  immune  response  to  only 
one  factor.  It  appears  essential  to  consider  the  immunophysiological 
inter-relationships  and  the  functioning  of  the  animal  as  an  integrated 
unit  in  host-parasite  interactions. 


SUMMARY 


Deductions  made  for  host-environmental  interactions  can oftenbe 
derived  by  more  than  one  pathway  involving  secondary  physiological 
factors  which  may  affect  resistance  to  disease,  antibody  formation, 
and  antibody  decay.  The  immune  response  of  animals  exposed  to 
environmental  extremes  or  endocrine  imbalance  must  be  interpreted 
in  the  light  of  available  knowledge  concerning  the  functioning  of  the 
animal  as  an  integrated  unit. 


TRAPANI 

LITERATURE  CITED 


1.  Jaroslow,  B.  N.,  and  D.  E.  Smith.  1961.  Antigen  disappearance  in 

hibernating  ground  squirrels.  Science  134:  734-735. 

2.  Lanni,  F.  :A.  L.  Dillon,  and  J.  W. Beard.  1950.  Determination  of 

small  quantities  of  nitrogen  in  serological  precipitates  and 
other  biological  fluids.  Proc.  Soc.  Exp.  Biol.  Med.  74:4-7. 

3.  Trapani,  I.  L.  1957.  Antibody  decay  in  cold  exposed  rabbits. 

(Abstr.)  Federation  Proc.  16:  436. 

4.  Trapani,  I.  L.,  and  D.  H.  Campbell.  1959.  Passive  antibody  decay 

in  rabbits  under  cold  or  altitude  stress.  J.  Appl.  Physiol.  14: 
424-426. 

5.  Trapani,  I.  L,,  A.  Lein,  and  D.  H.  Campbell.  1959.  The  effect  of 

thyroidectomy  and  thyroxin  treatment  on  the  immuneresponse 
of  rabbits.  (Abstr.)  Federation  Proc.  18:  161. 

6.  Trapani,  I.  L.,  A.  Lein,  and  D.  H,  Campbell.  1959.  Passive  anti¬ 

body  decay  in  thyroidectomized  rabbits.  Nature  183:  982-983. 

7.  Trapani,  I.  L.  1960.  Cold  exposure  and  the  immune  response.  In 

International  Symposium  on  Cold  Acclimatization,  Buenos 
Aires,  Argentina,  August,  1959.  Federation  Proc.  19:Suppl. 
5,  109-114. 

8.  Trapani,  I.  L.  1961.  The  immune  response  in  adrenalectomized 

rabbits.  (Abstr.)  Federation  Proc.  20:  23. 

9.  Trapani,  I.  L. , and  R.T.  Jordan.  1962.  Antibody  formation  in  rab¬ 

bits  adapted  to  high  altitude.  (Abstr.)  Federation  Proc.  21:  25. 

10.  Zak,  S.J.,R.H.  Good,  and  R. A. Good.  1957.  A  technique  for  one- 

stage  bilateral  adrenalectomy  in  the  rabbit.  Nature  179 : 100- 102. 


102 


ANTIBODY  FORMATION 


DISCUSSION 


BERRY:  I  am  very  much  interested  in  this  report,  Dr.  Tra¬ 
pani,  and  would  like  to  point  out  some  of  the  effects  of  exposure 
to  a  simulated  altitude  higher  than  yours;  that  is,  20,000  feet. 
One  of  the  things  that  we  have  noticed  is  that  mice  show  an  in¬ 
crease  in  urinary  nitrogen  excretion.  By  inference,  this  would 
suggest  that  protein  catabolism  is  increased.  If  one  attains 
an  elevation  in  nitrogen  excretion,  this  says  that  the  animal 
is  breaking  protein  down  fast.  We  find  it  in  mice  that  have  been 
exposed  to  simulated  20,000  feet  for  as  long  as  a  month,  and 
these  animals  are  about  as  fully  acclimated,  as  judged  by  their 
general  metabolism  responses  as  any  animals  that  we  have 
studied.  We  have  kept  them  for  as  long  as  three  months,  and 
we  can  find  no  difference  in  animals  kept  for  three  months  at 
simulated  20,000  feet  than  those  kept  for  three  or  four  weeks. 
We  can  also  get  this  elevated  urinary  nitrogen  excretion  in 
animals  that  have  been  exposed  for  one  day  at  1000  feet;  and  I 
don't  know  what  this  means.  This  is  a  very  bewildering  thing 
to  us. 

I  wonder  if  in  any  of  these  rabbits  urinary  nitrogen  excretion 
was  determined? 

TRAPANI:  No.  I  would  suspect  that  almost  any  stress  im¬ 
posed  on  the  animal  would  change  its  urinary  nitrogen  excretion. 
If  an  animal  is  put  in  a  cage  which  is  wired  with  electrical  cur¬ 
rent  which  goes  on  and  off  at  intervals,  1  imagine  this  sort  of 
a  stress  might  influence  nitrogen  excretion.  Experiments  that 
you  just  mentioned  are  somewhat  similar  to  those  done  by  Mefford 
and  Hale^  in  which  the  metabolic  interrelationships  of  cold, 
heat,  and  altitude  were  studied.  One  of  their  points,  of  course, 
is  that  there  is  an  increase  in  nitrogen  excretion. 

BERRY:  What  produces  the  increase  in  nitrogen  excretion, 


1  Am.  J.  Physiol.  193:  443.  1958. 
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metabollcally? 

TRAPANI:  Off  hand,  I  don't  know. 

CAMPBELL:  Doesn't  the  salt  balance  play  an  important  part? 

WALKER:  Do  these  animals  lose  weight,  or  eat  more,  Dr. 
Berry? 

BERRY:  They  do  not  lose  weight.  They  are  in  pretty  good 
metabolic  balance  as  judged  by  weight. 

WALKER:  They  take  in  more  protein  to  keep  that  balance? 

BERRY:  Yes,  but  these  are  complicated  relationships. 

TRAPANI:  The  main  purpose  here,  for  me,  was  to  point  out 
how  complex  this  really  is.  These  experiments  are  really  not 
sufficient  yet  to  make  a  complete  story  by  any  means,  and  the 
next  step  planned  is  to  study  the  immune  response  of  adrenal- 
ectomized  animals  for  a  considerable  period,  to  elucidate  the 
relationship  between  the  thyroid  and  the  adrenal.  Despite  all 
of  your  excellent  experiments  utilizing  the  cold  and  high  alti¬ 
tude  chambers,  I  personally  like  mountain  top  laboratories  better, 
since  1  feel  that  chambers  do  offer  certain  disadvantages. 

MONCRIEF:  Do  your  rabbits  that  you  shave  still  shiver? 

TRAPANI:  I  never  saw  them  shiver. 

MONCRIEF:  Are  they  acclimatized  to  the  cold? 

TRAPANI:  They  seem  to  be.  Their  body  temperature  was 
not  much  different  from  room  temperature  controls. 

MONCRIEF:  What  evidence  do  you  have  of  increased  metabolism 
of  rabbits? 

TRAPANI:  The  metabolic  rate,  based  on  oxygen  consumption 
measurements  done  by  open  circuit  metabolimetry  was  approxi- 
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mately  twice  that  of  room  temperature  controls.  Serum  pro¬ 
tein  concentration  also  increases.  This  might  be  an  interesting 
point  also  to  mention.  Animals  at  high  altitude  have  an  increased 
serum  protein  concentration  and  a  decreased  plasma  volume. 
Animals  in  the  cold  also  have  an  increased  serum  protein  con¬ 
centration,  and  an  increased  plasma  volume.  Their  plasma  volume 
was  measured  by  Evans  blue  disappearance  and  also  from  the 
passive  antibody  decay  studies.  In  the  latter  case,  the  amount 
of  antibody  injected  and  the  initial  antibody  concentration  in 
the  serum  are  used  to  calculate  "plasma  volume",  or  perhaps 
we  should  call  it  "antibody  space",  as  compared  to  Evans  blue 
space. 

TUNEVALL:  Was  the  decreased  plasma  volume  at  high  al¬ 
titude  simply  a  result  of  an  adaptive  polycythemia? 

TRAPANI:  Yes.  From  the  Information  just  given,  it  was  cal¬ 
culated  that  animals  at  high  altitude  had  a  total  mass  of  cir¬ 
culating  proteins  the  same  as  controls,  while  animals  in  cold 
had  an  increased  mass  of  circulating  protein.  More  specifi¬ 
cally,  if  one  makes  the  proper  corrections,  the  increase  in 
the  immune  response  of  animals  at  high  altitude  is  greater 
than  that  which  might  be  expected  from  a  decreased  plasma 
volume. 

PREV1TE:  Have  you  ever  done  any  experiments  in  a  shorter 
period  of  time?  For  example,  have  you  ever  measured  anti¬ 
body  titers  in  response  to  BSA  prior  to  one  week,  or  isn't  that 
a  sufficient  amount  of  time  to  get  a  response? 

TRAPANI:  It's  very  difficult  to  detect  antibodies  before  seven 
days  or  so. 

PREV1TE:  Have  you  ever  previously  immunized  your  rab¬ 
bits,  waited  a  sufficient  amount  of  time,  and  then  put  them  at 
-15°  C? 

TRAPANI:  Not  in  the  cold.  We  did  one  experiment  with  rab¬ 
bits  at  high  altitude  simular  to  what  you  are  thinking  about. 
The  first  year  we  took  animals  up  to  White  Mountain  in  Cali- 
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fornia.  Some  were  Immunized  in  Pasadena  before  going  up, 
some  were  Immunized  when  they  first  got  there,  some  were 
immunized  after  seven  days,  some  after  a  month,  and  some 
were  just  brought  up  there  for  a  month,  then  Immunized  and 
returned  to  Pasadena.  The  only  group  which  seemed  to  give 
a  fairly  clear  picture  so  that  we  could  say,  "Well,  let's  study 
this  one  because  it's  a  little  simpler,"  was  the  group  which 
was  brought  to  a  high  altitude,  adapted  for  thirty  days  and  then 
immunized,  and  the  immune  response  studied  while  the  ani¬ 
mals  were  kept  at  high  altitude.  The  variation  of  response  in 
the  other  groups  was  too  great  to  merit  further  study  at  the 
time. 

PREV1TE:  I  am  wondering  what  would  be  the  antibody  re¬ 
sponse  to  cold  stress  within  the  first  few  days  if  one  used  a 
rabbit  with  a  known  titer?  Would  you  expect  antibody  titers  to 
decrease? 

TRAPANI:  By  inference,  I  would  say  antibody  levels  may 
go  down;  these  are  given  levels  of  circulating  antibody.  When 
the  animal  is  put  into  the  cold,  the  metabolic  rate  is  increased 
to  overcome  the  heat  load;  antibody  levels  might  then  decrease 
as  a  consequence  of  an  increased  turnover  rate. 

PREV1TE:  it  seems  that  most  of  us  agree  that  normally  we 
are  warmly  clothed  when  we  are  outdoors  in  cold  weather.  May¬ 
be  one  is  only  accidentally  going  to  be  stressed  by  the  cold  en¬ 
vironment.  Perhaps  it  is  most  important,  in  analysis  of  the 
effects  of  cold  exposure  on  infectious  diseases,  to  determine 
the  response  to  this  chance  exposure. 

TRAPANI:  I  would  like  to  make  one  more  comment  that  Dr. 
Berry  brought  to  mind.  I  think  the  antigen  must  be  considered 
not  only  in  terms  of  its  persistance,  but  also  in  regard  to  its 
chemical  nature.  The  system  I  used  was  a  soluble  one  of  BSA 
and  anti- BSA.  If  one  uses  a  viral  or  bacterial  system,  these 
different  kinds  of  antigen  might  be  handled  differently  by  the 
animals  under  these  situations.  Dr.  Berry  has  shown  that  in 
animals  subjected  to  high  altitudes,  resistance  to  bacterial  in¬ 
fection  is  decreased,  whereas  resistance  to  viral  infection  is 
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Increased.  At  present,  I  am  doing  an  experiment  in  collaboration 
with  Dr.  M.  L.  Cohn  in  which  Guinea  pigs  kept  at  -4°  C  at  the 
Denver  altitude  or  on  top  of  Mount  Evans,  are  infected  with 
Mycobacterium  tuberculosis.  We  Just  finished  infecting  our  ani¬ 
mals  by  inhalation  techniques  last  week,  and  whether  or  not  the 
results  will  come  out  similar  to  yours  won't  be  known  for  another 
month  or  so. 
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ABST  It  ACT 

Itabbits  have  been  exposed  to  lowered  environmental  temperatures  and  immunized 
with  various  protein  antigens.  In  certain  experiments,  the  Immunization  and  bleeding 
schedules  have  also  been  changed.  Serum  samples  from  these  animals,  as  well  as 
a  "control"  group  receiving  an  identical  immunization  schedule,  have  been  analyzed 
by  a  number  of  immunological  and  immunochemical  techniques.  To  detect  any  pos¬ 
sible  qualitative  differences  in  the  scrum  samples  as  a  result  of  cold  exposure,  n 
number  of  analyses  have  been  conducted.  Among  the  techniques  used  are:  Ouchter- 
lony  gel  diffusion,  Immunoelectrophoresis,  and  starch  gel  electrophoreses.  Quanti¬ 
tative  differences  in  the  serum  proteins  have  been  studied  by  a  determination  of 
A/C  ratios  and  by  a  comparison  of  the  serum  globulins  by  paper  electrophoresis. 
Precipitin  titrations  on  rabbit  sera  have  been  conducted  using  the  ring  test,  and  total 
antibody  nitrogen  has  been  measured  by  the  quantitative  precipitin  technique. 


it  may  seem  unusual  to  many  in  this  group  that  Arizona  State 
University,  which  is  located  in  the  heart  of  the  Sonoran  desert, 
would  be  an  institution  in  which  studies  concerned  with  "cold  stress" 
are  conducted.  However,  for  the  past  two  years,  including  the  months 
of  June,  July  and  August  when  the  outside  temperature  exceeds 
37.7°  C  almost  daily,  we  have,  through  the  marvels  of  modern  day 
refrigeration,  continual  our  studies  into  the  immunological  aspects 
of  this  fascinating  and  challenging  problem. 

Many  observations  concerning  the  influence  cf  environmental 
temperature  have  been  made  on  experimental  animals  and  human 
beings  as  well.  But  the  seasonal  incidence  of  many  diseases  has 
never  been  explained,  although  it  has  been  suggested  by  some  in¬ 
vestigators  that  environmental  temperatures  may  influence  the 
frequency  with  which  a  disease  may  occur,  as  well  as  the  severity 
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of  the  infection  (Moragues  and  Pinkerton,  1944;  Jungeblut  etal. , 
1942).  In  numerous  studies  on  the  influenceof  environmental  temper¬ 
ature  on  both  human  and  experimental  infection,  conflicting  results 
have  been  reported,  even  when  the  same  infectious  agents  and  the 
same  animals  were  used.  In  the  majority  of  these  studies,  no  attempt 
was  made  to  measure  theanitbodyresponsequantitatively  of  animals 
under  "cold  stress".  A  notable  exception  to  this  has  been  work  of 
Campbell,  Trapani  and  Sutherland  (Campbell,  19 51; Sutherland  etal., 
1958)  whose  studies  on  the  sera  of  cold  exposed  rats  and  rabbits  has 
provided  valuable  information  concerning  passive  antibody  decay, 
changes  in  the  serum  proteins,  and  alterations  inthe  antibody  level 
and  blood  chemistry.  I  attempted  to  measere  qualitatively  and  quanti¬ 
tatively  the  Immune  response  of  rabbits  exposed  to  lowered  environ¬ 
mental  temperatures. To  achieve  a  high  degree  of  sensitivity, antigen- 
antibody  systems  of  known  high  reactivity  were  used,  and  the  results 
of  the  immunization  of  both  "normal"  and  "cold  exposed"  rabbits 
studied.  Through  the  use  of  strongly  reacting  protein  antigen- anti¬ 
body  systems,  a  qualitative  measure  of  the  antibody  response  was 
made  through  the  use  of  such  techniques  as  Ouchterlony  gel  diffusion, 
immuno- electrophoresis,  starch  gel  electrophoresis,  and  paper 
electrophoresis.  Quantitative  determinations  included  titrations  of 
antibody  levels  by  the  conventional  "ring"  precipitin  technique,  and 
by  the  much  more  precise  method  of  micro-quantitative  precipitin 
analysis.  An  attempt  was  made  to  obtain  quantitative  results  of  gel 
diffusion  studies  by  measuring  the  intensity  and  homogeneity  of  the 
antigen- antibody  reaction  in  terms  of  the  amount  of  precipitate 
formed.  The  objective  was  todetermine  (1)  the  sensitivity  of  the  im¬ 
mune  mechanism  of  animals  during  cold  exposure  versus  the  "nor¬ 
mal",  that  is,  the  multiplicity  of  the  antibody  response,  and  (2)  the 
"type"  of  antibody  produced  during  cold  exposure,  that  is,  the  affinity 
or  avidity  for  its  specific  antigen  of  the  antibody  produced  by  the 
"cold  exposed"versus  "normnl"animal.Thespecificobjectiveof  the 
qualitative  studies  was  to  determine  the  number  of  multiple  antigen- 
antibody  systems  which  can  be  observed  in  each  of  the  groups  when 
identical  immunization  schedules  are  followed.  Immunization  with 
the  same  multiple  antigen  system  will  provide  information  regarding 
the  sensitivity  and  selectivity  of  the  immune  mechanism  under  con¬ 
ditions  of  the  cold  exposure.  By  studying  both  the  qualitative  and 
quantitative  aspects  of  the  problem,  one  should  be  able  tc  draw  cer¬ 
tain  conclusions  regarding  the  response  of  the  "cold  exposed"  uni- 
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mals  in  terms  of  (1)  the  degree  of  response,  for  example,  the  total 
amount  of  antibody  produced,  (2)  the  rate  of  appearance  of  antibody, 
(3)  the  "type"  of  antibody  produced,  and  (4)  the  influence  of  the  period 
of  immunization  and/or  cold  exposure  on  the  response  of  animals  to 
major  and  minor  antigens  when  immunized  with  a  multiple  antigen 
system. 

This  information  may  serve  to  elucidate  the  role  of  the  "specific" 
factor  of  immunity,  that  is,  circulating  antibody  during  periods  of 
cold  exposure,  and  at  thesametimeserveto  clarify  the  response  of 
the  immune  mechanism  to  immunization  with  multiple  antigens  both 
during  and  prior  to  cold  exposure. 

In  all  of  these  studies,  the  rabbit  was  the  experimental  animal  of 
choice.  The  animals  were  housed  inn  walk-incold  room  maintained 
at  a  temperature  of  4°C.  Prior  to  the  beginning  of  the  immunization 
schedules,  the  rabbits  were  allowed  to  "adapt"  for  a  period  of  one 
week,  after  which  they  were  clipped  until  fur  remained  only  on  the 
head  and  the  extremities.  New  fur  was  periodically  clipped.  The 
animals  were  given  food  ad  libitum,  and  water  was  changed  fre¬ 
quently.  Open  wire  cages  were  used  to  allow  free  movement  of  air. 
Only  one  rabbit  was  housed  in  each  cage  to  prevent  huddling.  In  most 
of  the  studies,  rabbits  weighing  approximately  2.5  to  3.0  kg  were 
immunized  with  three  weekly  intra- muscular  injections  of  equal 
parts  of  antigen  and  Freund's  adjuvant  (Freund,  1947). 

Blood  samples  were  obtained  via  cardiac  puncture,  the  serum 
separated  and  merthiolate  added  in  a  1 :10 ,000  final  concentration. 
All  of  the  rabbits  used  in  these  studies  were  carefully  selected  in 
order  to  control  genetic  variations.  Litters  of  six  or  more  were 
raised  for  this  investigation,  and  each  litter  was  divided  into  equal 
study  groups  of  experimental  and  control  animals.  The  serum 
samples  were  then  subjected  to  a  variety  of  immuno-chemical 
analyses  which  were  designed  to  detect  any  difference  in  the  serum 
proteins  of  the  "cold  exposed"  versus  the  "non-cold  exposed" 
rabbits. 

The  immune  response  of  an  animal  to  the  administration  of  an 
infective  agent  is  best  measured  interms  of  the  antibody  formed  and 
directed  against  the  microorganism  and  its  antigenic  spectrum. 
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While  the  original  aim  of  this  investigation  was  to  determine  whether 
or  not  differences  exist  in  response  to  antigenic  stimulus  in  "cold 
stressed"  animals  as  opposed  to  "normal"  animals  following  im¬ 
munization  with  various  selected  microorganisms,  preliminary  ex¬ 
periments  indicated  that  these  systems  were  not  sensitive  enough, 
nor  diil  they  possess  a  high  degree  of  specificity.  Early  experiments 
were  designed  to  measure  qualitative  and  quantitative  differences 
in  response  to  the  injection  of  various  selected  microorganisms 
such  as  Salmonella  typhimurium  anil  Diplococcus  pneumoniae. 
Analysis  of  the  sera  collected  from  animals  challenged  in  this  man¬ 
ner  proved  to  be  difficult  in  that  as  the  gel  diffusion  technique  best 
serves  as  a  measure  of  the  "soluble"  antigen  content  of  a  microbial 
suspension,  the  degree  of  sensitivity  which  could  be  attained  using 
microbial  anti- microbial  systems  was  inadequate  to  detect  differ¬ 
ences  in  the  "cold  stressed"  and  control  animals.  Because  of  the 
high  degree  of  reactivity  inherent  to  antigen- antibody  systems  in¬ 
volving  complex  soluble  protein  antigens,  a  number  of  systems  in¬ 
volving  these  antigens  were  selected  for  investigation.  As  a  result, 
the  original  experimental  protocols  were  modified  to  include  a  num¬ 
ber  of  new  systems  which  are  of  sufficient  complexity  and  sensi¬ 
tivity  for  a  study  of  this  type.  These  new  studies  included  such  pro¬ 
tein  antigens  as  human  serum,  egg  albumin  (Ea),  bovine  serum 
albumin  (BSA),  and  whole  bovine  serum.  These proteinantigens,  al¬ 
though  not  implicated  in  the  usual  "infective  process",  serve  as  a 
reliable  index  of  the  degree  of  sensitivity  and  selectivity  by  the 
antibody  forming  mechanisms. 


MET MODS 


Gel  Diffusion 

One  of  the  most  sensitive  methods  of  measuring  the  antibody 
response  is  through  the  use  of  the  gel  diffusion  technique  devised 
by  Ouehterlony  (1949).  In  this  investigation  a  1  per  cent  solution  of 
lonagar  Number  2  (Consolidated  Laboratories,  Chicago  Heights) 
was  used  to  prepare  the  gel.  The  pattern  was  cut  in  the  agar  using 
a  Fineberg  Agar  Gel  Cutter  Number  1S02,  manufactured  by  the 
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1  -  2 


Rabbit 
anti- serum 


1  -  4 


Figure  1.  Ouchlcrlony  gel  diffusion  analysis  of  bovine  serum-- rabn  sniibovine 
scrum. 

Shannon  Scientific  Company  of  London,  and  distributed  in  this 
country  by  Consolidated  Laboratories.  This  pattern  consists  of  a 
center  well  surrounded  by  four  wells  equidistant  from  it.  These 
four  wells  were  used  for  the  various  antigen  dilutions.  In  order  to 
approximate  more  closely  the  region  of  optimal  proportions,  four 
samples  of  antigen  were  tested  in  each  ease;  that  is,  undilute,  1:2, 
1:4,  am!  1:8.  Plates  were  read  at  appropriate  intervals  in  order  to 
determine  the  time  of  precipitation  of  the  first  reacting  components, 
and  the  results  of  each  of  the  readings  were  recorded  on  master 
sheets  designed  for  this  purpose.  Readings  m  all  cases  were  taken 
from  tin1  untigen-antibixly  concentrations  which  gave  the  most  defin¬ 
itive  results.  A  sample  plate  is  shown  in  Figure  1. 

For  the  data  obtained  to  be  best  evaluated,  it  became  necessary 
to  adopt  a  moreaeeurale  method  of  mcasurementbased  on  statistics. 
The  method  of  choice  was  the  Mann- Whitney  U  test.  This  nonpara- 
metrie  test  is  a  useful  alternative  to  the  parametric  "t"  lest  when 
the  measurement  in  the  research  is  weaker  than  interval  scaling. 

Aladjem  el  al,(l!>59)  ha\  ■  reported  that  thetime  lapse  preceding 
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% 


Sample 

N 

R-Cold 

R-Normal 

U  ft 

1 

9 

85.500 

85.500 

40, 

.500 

2 

9 

86.500 

84.500 

39, 

,500 

3 

9 

66.000 

105.000 

21, 

,000 

4 

9 

68.500 

102.500 

23. 

,500 

5 

9 

65.500 

105,500 

20. 

500 

6 

9 

70.500 

100.500 

25. 

cn 

O 

O 

7 

9 

63.000 

108.000 

18. 

000 

Tuble  I.  Qualitative  evaluation  of  precipitates  in  gel  diffusion  of  sera  from  "normal” 
anil  "cold  exposed"  rabbits.  *U  value  of  Mann- Whitney  U test  at  0.05  significance  level  c 
17.  Antigen- whole  bovine  serum. 


Sample 

N 

R-Cold 

R-Normal 

U* 

1 

9 

85.500 

85,500 

40.500 

2 

9 

83.500 

87.500 

38.500 

3 

9 

80.000 

91.000 

35.000 

4 

9 

82.500 

88.500 

37.500 

5 

9 

68.500 

102.500 

23.500 

6 

9 

69.500 

101.500 

24.500 

7 

9 

85.000 

85.500 

40.500 

Table  II.  Quantitative  evaluation  of  precipitates  in  gel  diffusion  of  sera  from  "normal" 
•  ml  "colil  exposed"  raMuts.  "U  value  of  Mann-  Whitnev  Utest  at  0.05  significance  level® 
17,  Antigen- whole  bovine  serum. 
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visnble  precipitation  in  double  diffusion  tests  is  dependent  upon 
three  factors:  (1)  the  diffusion  co-effecient  of  each  of  the  reactants, 
(2)  their  absolute  concentrations,  and  (3)  the  speed  with  which  the 
antigen-antibody  front  can  form  insoluble  complexes. 

Assuming  that  each  of  the  rabbit  antibody  preparations  possesses 
an  equal  diffusion  co-efficient,  and  using  the  same  antigen  prepara¬ 
tion  for  both  systems,  the  time  of  appearance  of  each  of  the  pre¬ 
cipitating  bands  on  the  Ouchterlony  gel  diffusion  plate  should  depend 
upon  the  concentration  of  the  antibody  and/or  the  affinity  or  avidity 
of  the  antibody  for  its  homologous  antigen. 

In  our  evaluation  of  these  data,  three  methods  of  measurement 
were  used.  In  order  to  analyze  thedata,(l)  the  total  number  of  pre¬ 
cipitating  antigen- antibody  complexes  was  measured  at  each  reading; 
(2)  in  an  attempt  to  evaluate  the  results  quantitatively,  each  of  the 
precipitates  was  visually  estimated  and  ranked  with  respect  to  the 
total  amount  and  homogeneity  of  precipitate;  and  (3)  the  time  of 
appearance  of  each  of  the  precipitating  bands  was  recorded.  Pre¬ 
cipitates  were  graded  one  through  four  based  upon  assigned  criteria, 
with  the  sharpest  and  most  well-defined  bands  being  assigned  the 
highest  number.  Quantitative  evaluations  were  based  on  the  number 
of  bands  of  precipitate  times  the  intensity  of  each  precipitate;  for 
example,  a  gel  diffusion  plate  having  four  sharp,  heavy  bands  of 
precipitate  and  one  faint,  poorly- defined  precipitate  was  assigned  a 
total  value  of  17  (4  x  4  +  1  x  1).  All  of  the  data,  both  qualitative  and 
quantitative,  were  subjected  to  statistical  evaluation  by  the  Mann- 
Whitney  U  test.  The  results  of  one  of  these  studies  are  given  in 
Tables  I  and  II. 

From  these  tables  it  may  be  seen  that  a  statistical  evaluation  of 
both  tlie  qualitative  data  based  on  the  number  of  precipitating  bands 
in  the  Ouchterlony  gel  diffusion  plates  and  the  quantitative  data 
based  on  the  number  of  bands  times  the  intensity  of  the  precipitate 
failed  to  reach  a  level  of  significance  in  the  Mann- Whitney  U  test. 
The  U  value  at  the  0.0  5  significance  level  is  equal  to  17.  In  study 
groups  in  which  the  larger  of  two  independent  samples  is  smaller 
than  9,  tables  for  U  values  are  not  available  and  the  P  value  is  cal¬ 
culated  directly  (Table  III).  It  may  be  noted  in  Table  III  that  differ¬ 
ences  which  aresignificantatthe0.051evelare  obtained  in  sample  2 
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Sample 

N 

R-Cold 

R-Normal 

U 

P 

1 

3 

0 

0 

2 

3 

6 

4 

0 

.050 

3 

3 

12 

11 

2 

.200 

4 

3 

11 

12 

4 

.500 

5 

3 

IS 

12 

1 

.100 

6 

3 

20 

18 

1 

.100 

7 

3 

IS 

16 

4 

.500 

Tublc  III.  ijuulitiitivc  evuluullon  o[  precipitates  in  gel  diffusion  of  sera  from  "nor¬ 
mal"  and  "cold  exposed"  rabbits.  Antigen-egg  albumin  (Ea), 

of  the  egg  albumin  anti- egg  albumin  system.  However,  a  significant 
level  was  not  attained  at  any  other  sample  in  this  experiment.  An 
occasional  significant  value  was  also  found  In  other  experiments, 
but  these  findings  were  not  consistent  with  most  of  the  data.  To  date, 
over  500  serum  samples  have  been  evaluated  in  this  manner.  The 
same  method  has  also  been  applied  to  measurements  of  the  time 
of  precipitation.  The  results  of  one  series  of  measurements  at 
closely  spaced  time  intervals  is  given  in  Table  IV. 


"Ring"  Precipitin  Titrations 

The  "interfacial  technique"  has  been  used  extensively  as  a 
measure  of  the  antibody  "titer"  of  immune  sera.  In  these  studies, 
serum  samples  from  both  study  groups  were  titrated  for  antibody- 
content  using  different  antigens  and  varyingbleedingschedules.The 
result  of  one  of  these  tests  using  egg  albumin  as  antigen  is  shown 
in  Table  V. 

The  antibody  titrations  by  the  precipitin  "ring"  technique  failed 
to  reveal  any  consistent  trend  toward  higher  antibody  levels  in  either 
of  the  study  groups.  However,  when  the  less  complex  antigens,  egg 
albumin  (Ea)  (Tabic  V)  and  bovine  serum  albumin  (BSA)  were  used, 
the  antibody  levels  were  somewhat  higher  in  the  "cold  exposed" 
group,  whereas  the  animals  maintained  at  room  temperatures  and 
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Qualitative  Evaluation 


Sample 

Time 

N 

R-Cold 

R-Normal 

U* 

2-1 

8  hr. 

9 

85.500 

85.500 

40.500 

2-2 

12  hr. 

9 

88.500 

82.500 

37.500 

2-3 

20  hr. 

9 

81.000 

90.000 

36.000 

2-4 

28  hr. 

9 

87.500 

83.500 

38.500 

2-5 

36  hr. 

9 

86,500 

84.500 

39.500 

Quantitative  Evaluation 

Sample 

Time 

N 

R-Cold 

R-Normal 

U 

2-1 

8  hr. 

9 

85.500 

85.500 

40.500 

2-2 

12  hr. 

9 

84.000 

87.000 

39.000 

2-3 

20  hr. 

9 

72.500 

98.500 

27.500 

2-4 

28  hr. 

9 

84.000 

87.000 

39.000 

2-5 

36  hr. 

9 

91.500 

79.500 

34.500 

Table  IV.  Statistical  evaluation  of  gel  diffusion 
Cipitation.  *U  value  of  Mann- Whit  ne\  U  test  at 
whole  bovine  serum. 

precipitates  based  on  time  ol  pre- 
0.05  significance  levels?,  \ntigen- 

Number  of  Days 
following 
Initial  Injection 

Mean  Antibody  Titer  Mean  Antibody  Titer* 
Cold  exposed  Non-Cold  exposed 

4 

1-2000 

1-1600 

10 

1-3000 

1-3000 

17 

1-6000 

1-4000 

24 

1-8000 

1-5000 

30 

1-10,000 

1-7000 

Table  V.  Mean  precipitation  liters  of  "normal". ml  "cold  exposed"  raMnts  immunized 
with  egg  albumin  ( K.i) .  *Mean  tiler  calculated  on  the  lusts  of  .t nt i l>«xt\  titers  obtained 
from  precipitin  titrations  of  ID  samples  of  r  .dibit  antiserum. 
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using  the  human  serum  antigen  attained  a  slightly  higher  level  of 
antibody.  Of  interest  too  is  that  in  the  group  in  which  daily  blood 
samples  were  taken,  the  additional  "stress"  created  by  cold  ex¬ 
posure  did  not  significantly  alter  a  steady  rise  in  the  antibody 
level  (Table  VI  and  Table  VII). 

Number  of  Days 

following  Mean  Antibody  Titer  Kean  Antibody  Titer* 

Initial  Injection  Cold  exposed  Non-Cold  exposed 


3 

1-2500 

1-3000 

6 

1-5000 

1-8000 

9 

1-5000 

1-10,000 

12 

1-5000 

1-10,000 

IB 

1-2400 

1-10,000 

24 

1-6500 

1-10,000 

48 

1-7000 

1-10,000 

Table  VI.  Mean  precipitin  titers  of  "normal"  anti  "cold  exposed"  rabbits  immunized 
with  human  serum,  'Mean  tiler  calculated  on  the  basis  of  antibody  titers  obtained  from 
precipitin  titrations  of  6  samples  of  rabbit  antiserum. 


Starch  Gel  Electrophoresis 


The  technique  of  electrophoresis  in  starch  gel  offers  a  method 
of  increased  sensitivity  over  that  of  paper  electrophoresis,  and 
under  proper  conditions,  it  is  possibletoresolveas  many  as  fifteen 
components  in  human  serum  (Moretti  et  al. ,  1959). This  method  was 
utilized  for  a  comparison  of  the  sera  from  "normal"  and  "cold  ex¬ 
posed"  animals  in  order  to  detect  the  possible  presence  of  any 
"abnormal  proteins"  which  might  be  formed  as  a  result  of  cold 
exposure.  Conversely,  the  failure  of  the  "cold  exposed"  animal  to 
form  any  of  the  "normal"  serum  sub-fractions  could  also  be  recog¬ 
nized.  Simultaneous  analysis  of  sera  from  both  "cold  exposed"  and 
"normal"  rabbits  immunized  with  antigens  of  varying  complexity 
provides  a  convenient  method  for  these  evaluations. 

Samples  were  analyzed  by  starch  gel  electrophoresis inan  appa- 


118 


I 


IMMUNE  RESPONSE 
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Number  of  Days 

following  Mean  Antibody  Titer  Mean  Antibody  Titer* 
Initial  Injection  Cold  exposed  Non  Cold  exposed 


1 

- 

- 

2 

- 

- 

3 

- 

- 

4 

- 

- 

5 

1-50 

1-20 

e  *» 

1-60 

1-20 

7 

1-60 

1-20 

B 

1-100 

1-60 

9 

1-60 

1-60 

10 

1-100 

1-60 

11 

1-100 

1-60 

12 

1-250 

1-60 

13  ** 

1-500 

1-300 

19 

1-300 

1-500 

15 

1-1500 

1-1000 

16 

1-1500 

1-1000 

17 

1-1500 

1-1500 

18 

1-3000 

1-3000 

19 

1-6000 

1-4000 

20 

1-6000 

1-4500 

21 

1-7000 

1-5000 

22 

1-7000 

1-6000 

23 

l-eooo 

1-7000 

24 

1-8000 

1-7500 

25 

1-10,000 

1-0000 

Table  VII*  Mean  precipitin  titers  of  "normal"  and  "cold  exposed"  rabbits  immunized 
with  bovine  sen  .n  albumin  (US  \),  ‘Mean  titer  calculated  on  the  basis  of  antibod\  titers 
obtained  from  precipitin  titrations  of  nine  samples  of  rabbit  antiserum.  ••Dales  of 
immunization. 
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Figure  2.  Slarch  gel  electrophoresis  of  sera  from  "cold  exposed"  (bottom  of  picture) 
and  "non- cold  exposed"  (top  of  picture)  rabbits, 

ratus  of  our  own  design  which  utilized  a  borate  buffer  having  an 
ionic  strength  of  0.01  in  the  gel  and  an  ionic  strength  of  0.03  in  the 
borate  bridge.  In  all  cases,  samples  were  analyzed  simultaneously 
using  a  plastic  trench  which  accommodated  two  samples  at  once. 
A  piece  of  filter  paper  was  saturated  with  the  serum  and  placed  in  a 
slit  in  the  gel.  Samples  representing  both  the  "cold  stressed" 
samples  and  "normal"  samples  were  run  side  by  side  at  a  current 
of  250  volts  5  ilia  per  sample  for  a  five  hour  period.  At  the  end  of 
the  migration  period,  the  strips  were  cut  and  stained  with  amido 
(black)  Schwartz.  Permanent  records  were  maintained  by  sketching 
the  pattern  on  graph  paper  and  by  photographs.  A  representative 
starch  gel  strip  is  shown  in  Figure  2. 

Thus  far,  a  total  of  more  than  300  serum  samples  from  "cold  ex¬ 
posed"  and  non-cold  exposed  animals  have  been  analyzed  by  starch 
gel  electrophoresis,  and  a  critical  evaluation  of  the  data  has  failed 
to  reveal  any  striking  differences.  The  presence  of  any  "abnormal 
proteins"  in  the  sera  of  cold  exposed  animals  was  not  delected. 

However,  a  serum  fraction,  which  has  tentatively  been  identified 
as  one  corresponding  to  the  B  lipoprotein  of  paper  electrophoresis 
(the  alpha-2  lipoprotein  of  immuno- electrophoresis),  has  been 
found  to  be  weak  or  absent  in  a  number  of  scrum  samples  from 


120 


IMMUNE  RESPONSE  IN  COLD  EXPOSURE 


"cold  exposed"  animals  when  compared  to  the  sera  from  animals 
maintained  at  normal  environmental  temperatures.  This  fraction 
has  been  reported  to  contain  55  to  66  per  cent  of  the  total  conjugated 
lipid  in  human  serum  (Urial  and  Grabar,  1956).  A  second  observation 
of  interest,  although  not  necessarily  significant,  is  that  the  serum 
fractions  observed  on  starch  gel  and  stained  by  Amido  (black) 
Schwartz  stain  consistently  appeared  to  be  more  distinct  and  well 
defined  in  the  sera  of  the  "cold  exposed"  animals. 


Immuno-  electrophoresis 

Because  of  the  high  degree  of  resolution  possible  by  immuno- 
electrophoresis,  this  technique  has  proved  to  be  invaluable  in  the 
identification  of  complex  antigenic  mixtures  from  a  variety  of 
sources  (Growle,  1961),  We  felt  that  this  method  would  prove  to  be 
useful  in  determining  the  sensitivity  and/or  selectivity  of  the  im¬ 
mune  mechanism  because  the  sera  of  animals  immunized  during 
periods  of  cold  exposure  could  be  compared  with  those  of  animals 
maintained  at  "normal"  temperature  and  immunized  in  an  identical 
manner.  The  ability  of  the  antibody  forming  mechanism  to  respond 
to  a  heterogeneous  spectrum -of  antigens  present  in  varying  con¬ 
centrations  should  provide  a  sensitive  and  reliable  index  of  the 
qualitative  immune  response.  Sera  from  "cold  exposed"  and  "nor¬ 
mal"  rabbits  were  analyzed  simultaneously  by  immuno- electro¬ 
phoresis,  and  the  results  were  compared.  Serum  samples  from 
each  of  the  groups  were  allowed  to  migrate  in  the  gel  under  the 
influence  of  an  electric  current.  Following  the  migration  period, 
the  antigen  was  applied  to  a  center  trough  and  allowed  to  diffuse 
into  die  gel  and  react  simultaneously  with  each  of  the  separated 
antiserum  preparations.  The  technique  used  is  shown  in  Figure  3. 

To  date,  no  significant  differences  have  been  observed  in  the 
qualitative  response  of  "cold  exposed"  and  "normal"  animals  as 
measured  by  analysis  of  their  sera  by  immuno-electrophoresis. 
However,  application  of  this  technique  has  been  restricted  to  only 
forty  serum  samples  due  to  Insufficient  time.  This  phase  of  the 
investigation  is  currently  being  Intensified,  and  final  judgment  con¬ 
cerning  the  applicability  of  Uiis  technique  to  these  studies  must 
await  completion  of  additional  experiments. 
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Figure  3.  Immuno- electrophoretic  analysis  of  rabbit  antl-humnn  serum  nntibody  in 
“cold  exposed"  (lop  of  picture)  and  “non-cold  exposed"  (bottom  of  picture)  rabbits. 
1.  Barbitol  buffer  strength  ionic  strength  0.375.  2.  Stain  -  thlazlne  red  R. 


Quantitative  Precipitin  Analysis 

A  limited  number  of  serum  samples  have  been  analyzed  by  the 
micro-quantitative  precipitin  method  of  Lanni  (Lanni  et  aL,  1950). 
The  results  of  this  analyses  are  given  in  Table  VIII. 

N  Antibody  Protein 

mg /ml 

Cold  Exposed  8  0.428  +  0,1548’' 

Non-Cold  Exposed  8  0.3716  +  0.0767 

Table  VIII.  Quantitative  precipitation  analyses  of  sera  from  “cold  exposed"  and  "non¬ 
cold  exposed"  rabbits. 


It  may  be  noted  from  the  table  that  the  cold  exposed  rabbits 
gave  slightly  higher  levels  than  the  non-cold  exposed  group.  This 
finding  is  in  accord  with  that  of  Trapani  and  Campbell  who  noted 
somewhat  higher  levels  in  the  plasma  proteins  of  cold  exposed 
(1°  C  to  -15°  C)  rabbits  (Sutherland  et  al.,  1958). 
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We  are  currently  intensifying  this  phase  of  the  investigation 
in  an  attempt  to  obtain  a  much  larger  sample  in  order  to  reach  a 
definitive  conclusion.  More  animals  are  necessary  to  lower  the 
standard  error  to  an  acceptable  level,  although  population  variation 
here  is  small,  and  consequently,  this  initial  estimate  of  serum 
protein  levels  is  statistically  quite  accurate. 


Paper  Electrophoresis 


To  date,  a  total  of  more  than  350  serum  samples  have  been 
analyzed  by  paper  electrophoresis.  In  addition,  approximately 
75  serum  samples  have  been  analyzed  for  glyco- protein  content. 
The  results  of  these  evaluations  are  not  available  at  this  time, 
and  are  currently  being  statistically  analyzed  using  the  Fisher  "t" 
lest  by  the  General  Electric  computer  center  at  Arizona  State 
University, 


DISCUSSION 


An  evaluation  of  the  data  presented  here  concerning  the  effect 
of  "cold  exposure"  on  the  immune  response  of  rabbits  indicates 
that  any  "differences"  attributable  to  "cold"  per  se  from  both  the 
qualitative  and  quantitative  aspects  of  immunity  are  of  insufficient 
magnitude  to  draw  any  definitive  conclusions. 

A  fundamental  consideration  in  any  investigation  of  this  type 
concerns  what  may  be  construed  as  "stress"  conditions.  Again 
citing  the  work  of  Sutherland,  Trapani,  and  Campbell  (1958)  the 
rectal  temperature  of  rabbits  maintained  at  4°  C  was  not  signifi- 
cantlydifferent  from  that  of  animals  maintained  ata  room  tempera¬ 
ture  of  18°  C.  In  the  studies  reported  here,  however,  a  temperature 
of  4°  C  was  considered  to  be  a  condition  of  "stress"  for  rabbits 
shaved  of  the  bulk  of  their  pelage.  This  assumption  was  sub¬ 
stantiated  by  the  fact  that  the  animals  tended  to  huddle,  their  skin 
was  cold  to  the  touch,  some  shivering  was  observed,  and  a  sig- 
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nlficuntly  large  number  of  animals  succumbed  from  non-specific 
causes  during  the  course  of  the  various  studies  in  the  cold  exposed 
group  compared  to  deaths  in  those  maintained  at  room  temperature. 

The  quantitative  evaluation  of  sera  from  each  of  the  groups  has 
provided  some  interesting  information  regarding  the  immune  re¬ 
sponse  under  conditions  of  cold  exposure.  Antigens  of  varying  com¬ 
plexity  were  used,  and  the  response  of  the  animals  measured.  The 
comparatively  less  complex  antigens,  egg  albumin  (Ea)  and  bovine 
serum  albumin  (BSA),  provide  a  sharp  contrast  to  the  very  complex 
human  serum  and  bovine  serum  in  terms  of  multiplicity  of  antigens 
to  which  the  antibody  forming  cells  must  respond.  The  failure  to 
find  a  significant  qualitative  difference  in  the  experimental  and 
"control"  groups  indicates  that  cold  exposure  does  not  appreciably 
affect  the  total  response  of  an  animal  to  multiple  antigen  systems. 
The  level  of  the  response,  as  well  as  the  time  required  for  antibody 
response,  did  not  differ  significantly  in  any  of  the  gel  diffusion 
studies.  In  spite  of  the  failure  to  attain  statistical  significance  in 
these  studies,  it  must  be  remembered  that  these  data  do  not  provide 
a  final  critical  measure  of  antibody  response  during  hypothermia. 
Campbell  et  al.  (1951)  and  Sutherland  et  al.  (1958)  have  measured 
the  rates  of  antibody  decay  during  both  active  immunization  and 
passively  administered  antibody.  These  authors  report  an  increased 
rate  in  decay  of  both  actively  formed  and  passively  administered 
antibody  in  cold  exposed  rabbits.  Extrapolation  of  these  findings  to 
the  data  presented  here  and  increased  rate  of  "decay"  may  provide 
a  more  sensitive  measure  of  the  actual  difference,  and  result  in 
the  weighing  in  favor  of  an  increase  in  antibody  production  in  the 
"cold  exposed"  animals.  Such  an  extrapolation  is,  of  course,  im¬ 
possible  on  the  basis  of  our  present  knowledge  of  the  mechanisms 
of  protein  metabolism  and  protein  turnover  in  the  immunized 
animal. 

It  should  be  pointed  out  dial  I  am  well  aware  of  the  inherent 
dangers  in  lending  too  much  credence  to  the  results  of  an  evaluation 
by  gel  diffusion.  Numerous  investigators  have  demonstrated  that 
this  procedure  is  dependent  upon  a  variety  of  physico-chemical 
factors,  and  that  this  technique,  regardless  of  how  critically 
applied,  is  subject  to  error  (Glenn,  1959;  Jennings  et  al.,  1962). 
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Antibody  titrations  by  the  "ring"  precipitin  method  are  at  best 
only  a  crude  approximation  of  the  antibody  concentration  in  a  serum 
sample.  Because  dilutions  of  antigen  rather  than  antibody  are  used 
as  a  measure  of  "antibody  level",  the  validity  of  such  titrations  has 
been  widely  criticized  (lloffel,  1961).  In  spite  of  this  fact,  this  tech¬ 
nique  has  received  wide  application,  and  in  this  investigation,  these 
titrations  have  provided  a  simple  and  convenient  method  for  approxi¬ 
mating  antibody  levels  atvarious  dates duringthe bleeding  schedule, 
and  will  be  supplemented  by  the  vastly  more  sensitive  micro- 
quantitative  precipitin  analyses  when  time  permits. 

Baker  and  Sellers  (I960)  have  observed  in  "cold  exposed"  rats 
the  presence  of  a  plasma  protein  component  which  they  report  has 
a  similar  electrophoretic  mobility  to  the  "transferrin"  component 
of  human  serum.  This  component,  alsoknownas  siderophilin,  serves 
to  bind  iron  in  the  circulating  blood  and  migrates  as  a  B  globulin. 

While  we  did  not  find  the  presence  of  a  similar  "abnormal"  pro¬ 
tein  in  the  sera  of  "cold  exposed"  rabbits,  this  does  not  preclude 
the  possibility  of  the  existence  of  such  proteins.  Through  the  use 
of  different  stains  such  as  those  for  haptoglobins  or  another  immuno¬ 
chemical  technique,  like  the  more  definitive  disc  electrophoresis, 
similar  abnormal  proteins  may  be  recognized. 

The  "loss"  of  the  B  lipoprotein  fraction  from  the  sera  of  a 
number  of  "cold  exposed"  animals  as  measured  by  starch  gel 
electrophoresis  cannot  readily  be  explained,  and  may  be  due  merely 
to  an  alteration  in  the  rate  of  migration.  But  this  observation 
provides  a  fertile  field  for  speculation.  Mnsoro  (1960)  has  reported 
that  the  cold  acclimated  rat  has  an  increased  capacity  to  oxidize 
long-chain  fatty  acids.  A  similar  increased  capacity  on  the  part  of 
the  cold  exposed  rabbit  would  partially  account  for  a  lower  level  of 
slow  migrating  B  lipoprotein  in  this  animal.  Bertke  (unpublished 
data)  and  others  have  reported  a  decrease  in  lipid  content  of  the 
adrenals  during  stress.  Such  a  decrease  could  presumably  be  re¬ 
flected  in  a  decreased  level  of  circulating  lipoprotein.  A  final 
speculation  concerning  a  decreased  B  lipoprotein  content  of  cold 
exposed  rabbits  concerns  the  role  of  heparin  during  periods  of 
stress  and/or  shock.  This  compound,  because  of  its  strong  polar 
properties,  is  capable  of  liberating  the  combined  lipid  from  lipo- 
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protein  complexes.  An  increase  in  heparin  would  presumably  cause 
a  corresponding  decrease  in  the  level  of  circulating  lipoprotein.  An 
increase  in  heparin  could  presumably  also  play  a  role  in  the  in¬ 
creased  clotting  time  in  cold  exposed  rabbits  reported  by  Campbell 
and  Sutherland  (1951).  It  must  be  pointed  out,  however,  that  at  the 
present  time,  we  have  no  evidence  for  an  increase  in  heparin  in  the 
circulating  blood  during  periods  of  "cold  stress". 

While  the  consistent  "tendency"  of  the  sera  of  "cold  exposed" 
rabbits  to  form  sharper  and  clearer  zones  on  starch  gel  provides 
a  poor  indication  of  any  "differences"  that  might  exist,  this  might 
be  due  to  a  greater  degree  of  homogeneity  of  each  of  the  different 
protein  components  measured  by  electrophoresis,  which  would  re¬ 
sult  in  a  more  nearly  equal  rate  of  migration.  This  homogeneity 
would  then  be  reflected  as  less  "trailing"  in  the  stained  starch 
gel  pattern. 

The  value  of  immuno- electrophoretic  analyses  of  uerafrom  cold 
exposed  and  normal  rabbits  to  the  present  investigation  must  await 
further  application  of  this  technique.  The  limitations  when  this  tech¬ 
nique  is  applied  must  be  recognized.  Further  experimentation  may 
also  be  necessary  to  determine  optimal  buffer  pH  values,  ionic 
strength,  and  so  forth,  all  of  which  are  critical  in  this  procedure. 
In  spite  of  the  apparent  limitations  of  this  procedure,  however,  it 
offers  one  of  the  most  sensitive  measures  of  qualitative  antibody 
response  that  is  presently  available. 

Future  studies  which  are  planned  will  include  analysis  of  sera 
from  rabbits  exposed  to  more  severe  environmental  conditions 
(-15°  C),  and  determinations  of  possible  alterations  in  lipoproteins, 
haptoglobins,  and  other  serum  sub- fractions. Quantitative  measure¬ 
ments  of  the  7  S  and  19  S  macroglobulins  will  be  made  by  density 
gradient  zone  ultracentrifugation  and  chromatography  on  cellulose 
lon-exchange  columns.  It  is  anticipated  that  these  and  future  in¬ 
vestigations  will  provide  information  useful  in  determining  the  role 
of  antibody  in  host-parasite  interactions  under  conditions  of 
hypothermia. 
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SUMMARY 


Immuno-chemical  studies  were  conducted  on  sera  from  rabbits  to 
investigate  the  qualitative  and  quantitative  aspects  of  the  immune  re¬ 
sponse  under  conditions  of  "hypothermia".  Rabbits  have  been  subjec¬ 
ted  to  lowered  environmental  temperature  (4°  C)  .shaved  of  their  pel- 
age,  and  immunized  with  vurious  protein  antigens.  Serum  samples 
obtained  from  varying  periods  during  each  of  the  studies  via  cardiac 
puncture  have  been  qualitatively  assayed  for  antibody  response  by 
Ouchterlony  gel  diffusion,  immuno-electrophoresis.starch gel  elec¬ 
trophoresis,  and  paper  electrophoresis.  Quantitative  analyses  have 
included  "ring"  precipitin  titrations,  quantitative  gel  diffusion  anal¬ 
ysis,  and  micro-quantitative  precipitin  analysis.  In  all  of  the  studies 
the  response  of  the  "cold  exposed"  animals  have  been  compared 
with  the  "non-cold  exposed"  animals  treated  in  an  identical  manner, 
except  for  maintenance  at  the  lower  environmental  temperature. 
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DISCUSSION 


BLAIR:  Is  cold  responsible  for  the  changes  that  have  been 
observed  both  with  regard  to  the  antibody  turnover  rates,  and 
also  with  regard  to  the  immuno- electrophoretic  studies,  or  is 
cold  simply  a  stimulus?  In  other  words,  could  not  the  same 
situation  be  produced  in  the  laboratory  with  stimuli  other  than 
temperature  stimuli,  but  resulting  in  experimental  preparations 
metabolically,  at  least,  similar  to  that  induced  by  cold? In  other 
words,  is  not  cold  just  a  non-specific  stimulus,  or  is  cold  really 
responsible  for  these  changes? 

TRAPANI:  Are  you  asking  about  the  effect  of  temperature 
at  the  cellular  level? 
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CAMPBELL:  He  Is  talking  about  hypothermia  versus  stress. 
You  can  have  stress  without  hypothermia.  You  need  to  really 
lower  the  body  temperature,  which  we  haven't  done.  It  has  been 
done  in  the  case  of  the  hibernating  squirrels.  I  think  you  would 
have  to  use  an  animal  of  this  sort.  Of  course,  this  is  an  adap¬ 
tation,  and  you  have  two  problems.  It  seems  to  me  one  is  a  stress 
problem  and  the  other  is  not. 

BLAIR:  That  is  right.  What  I  am  trying  to  clarify  in  my  own 
mind  is  that  the  cold  exposure  is  simply  one  of  numerous  stimuli 
that  could  be  used  to  produce  the  same  situation. 

TRAPANI:  1  think  this  is  true.  What  we  are  really  dealing 
with  in  an  animal  that  is  cold  exposed  are  the  secondary  factors 
which  affect  its  response. 

BLAIR:  Could  we  call  this  the  affect  of  cold  on  immune  re¬ 
sponses,  really? 

TRAPANI:  If  you  put  it  in  a  cold  box  or  out  in  the  snow,  a 
cold  stress  is  Imposed,  and  the  index  used  for  measuring  the 
response  is  attributable  to  that  stress,  either  directly  or  in¬ 
directly. 

BLAIR:  Suppose  you  produce  a  stress  situation  through  another 
stimulus? 

PREVITE:  These  responses  to  various  types  of  stimuli,  for 
example  cold,  heat,  or  sound,  are  not  always  the  same. 

MITCHELL:  I  wonder  if  we  have  a  veterinarian  around  here 
who  can  tell  us  whether  this  is  a  stress  or  not.  I  want  to  know 
whether  we  are  really  and  truly  talking  about  a  stress  to  these 
animals,  or  whether  we  are  trying  to  talk  about  what  would  be 
a  stress  to  a  man  if  we  did  it  to  him? 

REINHARD:  Well,  I  think  if  the  stress  investigators  con¬ 
ducted  baseline  experiments  to  determine  the  characteristics 
of  the  animal,  that  all  animals  would  have  similarities  in  their 
responses  to  stress.  There  is  only  one  area  in  which  man  is 
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different,  and  that  Is  In  the  neurological  and  psychological  re¬ 
sponse.  When  you  talk  about  man,  you  have  to  introduce  those 
factors,  also. 

BERRY:  You  are  not  excluding  the  psychological  factor  in 
animals,  are  you? 

REINHARD:  No,  but  they  are  quantitatively,  and  sometimes 
qualitatively  different. 

VIERECK:  I  completely  agree  with  these  comments  by  Dr. 
Reinhard,  One  type  of  baseline  experiment  would  be  to  expose 
the  animal  to  the  cold  temperature  and  measure  food  Intake 
over  a  period  of  days.  I  think  It  is  accepted  that  if  the  animals 
consume  considerably  more  food,  their  metabolism  has  been 
higher  and  they  have  been  under  a  sort  of  stress.  Then  this 
brings  to  mind  another  question.  Some  animals  have  been  treated 
in  this  way,  and  they  do  indeed  eat  more  food  at  certain  low 
temperatures:  thus  they  are  eating  more  protein,  and  if  an  ani¬ 
mal  Is  consuming  more  protein  for  a  period  of  time,  will  this, 
all  by  itself,  affect  the  serum  protein  electrophoresis  patterns 
regardless  of  cold  exposure?  In  other  words,  could  cold  act 
via  food  intake?  The  protein  turnover  might  be  higher  whether 
the  stress  were  cold  or  whether  it  were  something  else. 

SULKIN:  This  is  precisely  why  I  asked  Dr.  Campbell  earlier 
whether  he  did  the  experiments  with  the  arctic  ground  squirrels 
just  at  the  time  that  they  were  going  into  hibernation.  A  bat  just 
going  into  hibernation  is  not  a  stressed  animal.  However,  if 
you  are  dealing  with  the  same  bat  species  in  the  cold  room  in 
the  summertime,  he  is  then  in  a  state  of  hypothermia,  and  is 
in  a  stressed  condition.  While  I  don't  intend  to  talk  about  electro¬ 
phoretic  changes,  we  have  data  showing  that  there  is  a  differ¬ 
ence  in  the  analysis  made  in  hypothermic  bats  and  in  hibernating 
bats,  so  it  is  important  to  emphasize  the  animal  host  and  the 
season  of  the  yenr. 

TRAPANI:  Is  It  a  qualitative  or  quantitative  difference?  Do 
you  pick  up  different  components  or  the  same  components  in 
different  amounts? 
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SULKIN:  I  am  not  sure. 

CAMPBELL:  I  suspect  you  might  get  a  difference  in  the  ratio 
or  distribution  in  some  proteins  that  might  be  there  in  minor 
amounts.  Most  of  it  is  the  ratio.  Instead  of  being  five  per  cent 
or  ten  per  cent  of  the  total  proteins,  it  may  go  up  to  twelve 
or  fifteen  per  cent.  Now,  under  stress  conditions,  I  cannot  see 
that  anything  can  happen  within  an  hour  or  two  or  even  with¬ 
in  a  few  hours,  other  than  changes  in  fluid  balance  perhaps ; 
then  you  get  changes  in  protein  like  the  hibernating  squirrel. 
It  looks  like  its  got  a  high  protein  concentration,  which  it  has, 
but  the  total  amount  of  protein  may  be  actually  the  same  as  a 
normal  animal.  I  don't  know  what  the  blood  volume  was  because 
I  didn't  measure  that. 

PREV1TE:  I  agree  with  what  Dr.  Sulkin  stated  a  few  minutes 
ago.  There  is  a  tremendous  difference  between  hibernation  and 
induced  hypothermia.  Dr.  Lyman  at  Harvard  has  just  emphasized 
this  in  a  review  on  hibernation.1 2  In  answer  to  Dr.  Mitchell's 
question  about  stress,  Dr.  Cardy,^  of  the  University  of  Penn¬ 
sylvania,  noted  that  whether  or  not  an  animal  is  stressed  de¬ 
pends  upon  the  host  and  the  conditions  of  the  experiment. 

MITCHELL:  And  the  interpretation  of  the  investigator  in  whether 
or  not  he  is  going  to  measure  it  by  lowered  temperature  or  the 
presence  of  this  or  the  presence  of  that. 

REINHARD:  To  reply  to  Dr.  Mitchell,  there  is  one  more  im¬ 
portant  factor.  I  wish  more  people  would  do  comparative  work 
using  various  species,  because  no  one  animal  is  exactly  rele¬ 
vant  to  man,  and  they  do  differ  in  basic  physiology,  especially 
the  gastroenterological  portion  of  it. 

McCLAUGHRY:  I  think  it  might  be  well  to  keep  in  mind  here 
the  distinction  between  the  physiological  function  of  protein 
metabolism  as  it  might  be  reflected  by  the  antigen-antibody 


1  Lyman,  C.  P.  1961.  Circulation  XXIV. 

2  Manly,  J.  D.  1961.  Physiol.  Ucv. 
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response,  and  the  function  of  the  antibody  as  a  protein  com¬ 
ponent  of  the  serum.  These  two  things  may  not  be  exactly  the 
same,  and  I  think  that  there  has  been  in  the  past  an  assumption 
that  we  are  measuring  these  two  things  simultaneously  in  some 
of  the  studies  reported.  It  occurred  to  me  that  it  might  be  possible 
to  distinguish  these  two  separate  physiological  functions  in  some 
way. 

NORTHEY:  In  terms  of  the  comments  about  protein  metabolism, 
one  can't  say  an  animal  eats  more  and  therefore  produces  more 
antibody.  The  antigenistlcity  of  the  substance  under  investi¬ 
gation  makes  a  difference  in  probably  a  multitude  of  other  fac¬ 
tors. 

CAMPBELL:  That  is  why  I  was  bringing  up  this  last  point; 
the  persistence  in  antigens. 
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ABSTRACT 

In  hypothermlo  mice  with  a  body  temperature  of  22°  C  to  23°  C,  given  about  one 
DL[oo  of  l6tan»l  toxin,  the  survival  was  significantly  longer  than  In  normothermlc  ones 
given  the  preparatory  (Hibernal- Nembutal)  treatment  but  not  chilled  (54  versus  29.5 
hours  at  48  hours  of  hypothermia).  This  result  must  be  cautiously  evaluated.  Though 
hypothermia  was  not  established  until  three  hours  after  toxin  Injection,  absorption 
from  the  suboutaneous  slto  may  be  Blower  In  hypothermic  animals.  Further,  narcotic 
prelreatment  drugs,  though  given  also  to  the  controls,  may  be  more  slowly  eliminated 
by  hypothermlo  mice,  resulting  In  a  milder  and  protracted  course  of  the  toxic  manifes¬ 
tations.  An  attempt  was  done  to  find  out  If  hypothermia  prolonged  the  time  during  which 
toxin  could  be  neutrallied  by  antitoxin.  Antitoxin  after  15  minutes  resulted  in  survival 
of  all  mice.  At  a  toxin-antitoxin  Interval  of  four  hours  no  animal  was  saved,  but  sur¬ 
vival  was  prolonged  and  more  so  in  hypothermlo  mice  than  was  corresponded  by  the 
length  of  hypothermin  (80  versus  43  hours  at  4  hours  of  hypothermia).  At  an  interval 
of  10  hours,  survival  was  shorter  In  both  groupB,  nnd  the  difference  between  hypothermic 
and  normothermlc  mloe  equallod  the  duration  of  hypothermia  (50  versus  39  hours  at 
10  hours  of  hypothermia).  Those  observations  must  be  corroborated  by  further  experi¬ 
ments  before  they  can  be  safely  evaluated.  The  effects  of  staphylococcal  toxin  are  less 
ilkoly  to  bo  attenuated  by  the  promedlcatlon  pertaining  to  our  procedure  for  Inducing 
hypothermia.  On  the  contrary,  n  synergism  was  observed  between  the  nnrcotlc  drugs 
and  this  toxin,  ob  amounts  less  than  one  conventional  DLjqq  were  sufficient  to  kill  the 
mloe.  Also  with  this  toxin,  however,  the  survival  was  longer  In  hypothermic  mice 
(3.5  versus  2  hours). 


Induced  hypothermia  has  been  employed  clinically  in  a  variety  of 
conditions,  among  others  in  intoxications.  As  seems  often  to  be  the 
case  in  connection  with  hypothermia,  animal  experimentation  has 
been  scarce  and  tended  to  lag  behind  the  applications  in  human 
beings. 
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The  effect  of  tetanus  toxin  on  mice  subjected  to  low  environ¬ 
mental  temperature  was  studied  by  Ipsen  (1951).  The  survival  after 
large  toxin  doses  was  prolonged  in  chilled  animals,  whereas  sub- 
lethal  doses  caused  more  deaths  in  chilled  mice  than  in  those  kept 
at  normal  room  temperature.  Increased  susceptibility  to  endo¬ 
toxins  from  Gram-negative  bacteria  of  mice  held  at  5°  C  and  15°  C, 
when  compared  to  animals  at  room  temperature  was  found  by 
Previte  and  Berry  (in  press).  In  hypothermia  induced  so  as  to  avoid 
stress  reactions,  no  effect  on  the  hematologic  or  histologic  mani¬ 
festations  of  staphylococcal  exotoxin  in  rabbits  was  found  by 
Cole  (1960). 


EXPERIMENTAL 


Material  and  Methods 

Albino  mice  weighing  20  to  40  gm  were  numbered  serially.  The 
allotment  of  animals  to  different  experimental  groups  was  done  by 
a  random  method  according  to  the  tables  of  Fisher  and  Yates  (1953). 

For  inducing  hypothermia  the  following  procedure  was  used:  A 
subcutaneous  injection  of  32  mcg/g  body  weight  of  Chlorpromazine- 
HC1  is  followed  after  30  min.  by  an  intraperitoneal  injection  of  half 
this  amount  of  ethyl-(l-methyl-butyl)-malonyl-carbamide-Na.  The 
mice  are  then,  in  their  narcotized  state,  fixed  onto  suitably  formed 
lead  plates  with  adhesive  tape  and  immersed  in  a  supine  position 
into  a  21°  C  water  bath  with  only  the  head  and  part  of  the  thorax 
above  the  water.  The  rectal  temperature  will  be  stabilized  within 
one  hour  between  21.5°  C  and  23.5°  C,  and  the  temperature  in 
lower  esophagus  will  be  stabilized  about  0.5°  C  higher.  Oxygen  and 
carbogen  are  administrated  continuously  to  the  chamber  formed  by 
the  water  bath  and  its  fairly  tightly  closed  cover. 

Rewarming  starts  with  slowly  raisingwatertemperatureto33°  C 
over  a  4  to  5  hour  period.  When  they  begin  to  show  activity,  the 
mice  are  freed  from  the  lead  plates,  dried,  transferred  to  their 
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original  containers,  and  placed  into  an  air  incubator  generally  at 
35°  C  for  the  first  2  hours,  then  at  31°  C  for  24  hours.  Humidity  is 
kept  around  50  per  cent,  and  oxygen  administration  is  continued. 
After  this  period,  the  mice  can  be  kept  under  normal  conditions. 

Nor  mothermic  controls  are  given  the  same  premedication,  where¬ 
by  rectal  temperature  decreases  by  2°  C  to  5°  C,  but  are  immedi¬ 
ately  transferred  to  the  air  incubator,  and  from  that  point  treated 
as  above. 

Tetanus  and  staphylococcal  toxins  and  antitoxins  were  obtained 
from  the  Swedish  State  Bacteriological  Laboratory.  In  preliminary 
experiments  on  normal  mice  of  our  breed,  their  MLDjqq  neutral¬ 
izing  doses  were  determined.  The  routes  of  administration  of  these 
products  will  be  given  for  each  experiment. 


RESULTS 


In  a  first  experiment  presented  in  Fig.  1,  twenty  mice  were  given 
one  MLD100  of  tetanus  toxin  subcutaneously.  Two  hours  later  hypo¬ 
thermia  was  induced  in  ten  mice  which  were  then  kept  in  this  state 
for  about  48  hours.  The  other  ten  mice  received  pretreatment  only. 
Tetanic  manifestations  were  only  slight  in  the  hypothermic  animals 
in  comparison  with  those  of  the  controls,  but  at  rewarming,  after 
48  hours,  paroxysms  grew  more  frequent  and  intense.  One  nor  mo¬ 
thermic  mouse  was  lost  because  it  was  severely  bitten,  and  two 
hypothermic  ones  were  lost  from  drowning.  Therefore,  recording 
of  survival  times  could  be  done  only  in  nine  normothermic  mice 
and  in  eight  hypothermic  mice,  as  reported  in  Fig.  1. 

The  average  survival  within  the  hypothermic  group  was  sig¬ 
nificantly  longer  than  among  normothermic  controls,  as  is  visible 
from  Fig.  2.  In  addition,  it  can  be  mentioned  that  two  mice  only 
died  during  the  period  of  hypothermia,  two  during  the  first  stage 
of  rewarming  in  the  water  bath,  oneduringthe  stay  in  air  incubator 
at  35°  C,  and  the  remaining  three  5  or  6  hours  after  the  change  of 
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NORMOTHERMlC  MEAN 


Figure  1.  Survival  times  In  mice  given  one  MLD100  of  tetanus  toxin.  White  partB  of 
columns  mark  period  of  hypothermia.  Number  of  mice:  Normothermlc  9,  hypothermic  8. 


Group 

Number 

of 

mice 

Survival 
in  hours 

Diff.  t  P 

Normothermic 

9 

29.5  +  1.7 

24.5  6.2  <  0,001 

Hypothermic 

8 

54,0  +  3.5 

Formulae  used: 


Figure  2.  Survival  times  In  hours  (M  *  e(M)  )  of  mloe  after  subcutaneous  Injection 
of  equal  doses  of  tetanus  toxin.  Start  of  hypothermia  2  hours,  rewarming  48  hours  afteF 
the  injection. 
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temperature  to  31°  C.' 

The  above  results  could  at  least  partially  be  due  to  a  slower 
fixation  of  the  toxin  to  susceptible  cells  in  hypothermic  animals. 
Therefore,  new  experiments  were  set  up  in  order  to  find  out  if 
hypothermia  prolonged  the  time  during  which  the  toxin  remained 
free  to  be  neutralized  by  antitoxin. 


Figure  3.  Survival  limes  In  mice  given  one  MLDjqq  of  totaius  toxin  and,  after  Inter¬ 
vals  of  15  minutes,  4  hours  and  10  hours,  one  neutrallilng  dose  of  antitoxin.  White  parte 
of  columns  mark  period  of  hypothermia,  Induced  two  hours  after  the  toxin  Injection 
and  maintained  for  two  or  eight  hours. 


The  results  of  one  experiment  are  reported  in  Fig.  3.  In  all, 
35  mice  were  given  one  MLD^q  subcutaneously.  They  were  allotted 
to  three  groups  containing  11,  12,  and  12  animals  respectively.  In 
the  first  group,  one  neutralizing  dose  of  antitoxin  was  given,  also 
subcutaneously,  15  minutes  after  the  toxin  injection.  About  1-1/2 
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hours  Inter,  hypothermia  was  induced  in  six  mice  and  maintained 
for  2  hours  in  three  animals  and  for  8  hours  in  the  other  three. 
Five  mice  were  kept  normothermic.  In  this  group  all  eleven  mice 
survived,  but  it  is  not  included  in  the  table. 

In  the  second  group  six  mice  were  made  hypothermic  1-1/2  to  2 
hours  after  the  toxin  injection,  and  the  other  six  kept  normothermic. 
All  animals  got  antitoxin  4  hours  after  the  toxin,  and  then  the  re¬ 
warming  of  the  hypothermic  animals  was  immediately  begun.  In  this 
group  no  animal  was  saved,  as  seenfrom  Figure  3,  but  the  survival 
was  prolonged  in  comparison  with  the  first  experiment;  especially 
so  in  hypothermic  animals.  The  difference  effected  by  the  hypo¬ 
thermia  was  much  larger  than  corresponded  to  the  length  of  the 
hypothermic  period  itself  (80  versus  43  hours  at  two  hours  of 
hypothermia). 

The  third  group  received  antitoxin  10  hours  after  the  toxin, 
and  the  rewarming  of  hypothermic  mice  was  also  begun  after 
10  hours.  In  other  respects  this  group  was  treated  as  the  second. 
The  survival  was  still  prolonged,  but  the  difference  between 
hypothermic  mice  and  controls  was  only  equal  to  the  length  of 
hypothermia  (50  versus  39  hours  at  8  hours  of  hypothermia). 
This  experiment  is  also  presented  in  Fig.  4,  which  states  the 
significance  of  the  observations. 

As  will  be  discussed  later  on,  the  effect  of  tetanus  toxin  may 
be  influenced  by  irrelevant  factors.  The  next  part  of  the  study 
was  therefore  performed  with  staphylococcal  toxin  which  was, 
as  well  us  antitoxin,  always  administered  intravenously  in  order 
to  avoid  differences  in  absorption  from  local  sites  of  injection. 
Preliminary  experiments  had  shown  that  a  dose  of  staphylococcal 
toxin  large  enough  to  kill  all  mice  in  the  groups  resulted  in  very 
short  survival,  generally  ranging  between  1  and  4  hours.  It  was 
further  found  that  about  0.8  MLD^0  was  enough  to  kill  mice 
which  had  received  the  pretreatment  whether  they  were  made 
hypothermic  or  not. 

In  the  first  series  of  experiments,  the  influence  of  hypothermia 
on  the  survival  times  after  lethal  doses  of  the  toxin  was  in¬ 
vestigated.  Groups  of  normothermic  mice  which  received  the 
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Number  of  group  1.  2.  3.  4. 


Toxin-antitoxin 
interval,  hours 

4 

10 

State 

Normo- 

thermic 

Hypo¬ 

thermic 

Normo- 

thermic 

Hypo¬ 

thermic 

Number  of 

mice 

6 

_ i 

5 

5 

5 

Survival  time 

98 

60 

58 

in  hours 

77 

34 

57 

42 

58 

38 

41 

34 

76 

31 

74 

49 

89 

34 

22 

36 

M  +  e(M) 

43  +  2.9 

80  +  6.8 

39  +  5.3 

50  +  8.8 

* 

“ 

Comparison  1,-2.:  D  =  37.  t  =  4.8  P<  0.001 

2.-4.:  D  =  30.  t  =  2.7  0.05>  P>  0.02 


Flguro  4.  Survival  times  In  hours  of  mice  given  one  neutralising  dose  of  antitoxin 
serum  4  versus  10  hours  after  the  tetanus  toxin  Injeotlon.  Start  of  hypothermia  1-2 
hours  after  the  toxin  Injection,  warming  up  Immediately  after  the  Injection  of  anti¬ 
toxin.  (5  normoUiermlc  mice,  3  hypothermic  for  3  hours,  and  3  hypothermic  for  9 
hours,  all  receiving  antitoxin  after  15  min.,  survived). 


pretreatment  only  were  run.  The  toxin  injection  was  always  made 
after  the  start  of  hypothermia.  The  experiments  differed  slightly 
as  to  the  period  of  hypothermia  preceding  the  toxin  injection 
and  the  dose  of  toxin,  but  hypothermia  was  always  maintained 
to  the  end  of  the  experiments.  The  results  nre  given  in  Fig.  5. 

Thus,  in  all  groups,  the  average  survival  was  longer  in  hypo¬ 
thermic  mice.  The  differences  within  the  groups  were  significant, 
and  if  all  the  material  is  taken  together,  they  were  even  more 
significant.  It  was  next  attempted  to  study  the  influence  of  hypo¬ 
thermia  on  tiie  time  during  which  staphylococcal  toxin  could 
be  neutralized  by  antitoxin  to  a  degree  sufficient  to  save  the 
mice  or  at  least  prolong  their  survival  in  a  manner  similar  to 
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Number  of  group 

1. 

2. 

3. 

4. 

Toxin-antitoxin 
interval,  hours 

1 

4 

10 

State 

Normo- 

Hypo¬ 

Normo- 

Hypo¬ 

thermic 

thermic 

thermic 

thermic 

Number  of 

mice 

6 

5 

5 

5 

Survival  time 

98 

60 

58 

in  hours 

77 

34 

57 

42 

58 

38 

41 

34 

76 

31 

74 

49 

36 

89 

34 

22 

M  +  e(M) 

39  +  5.3 

50  +  8.8 

- 

- 

Comparison  1.-2.: 

D  =  37.  t 

=  4.8  P<0.001 

2.-4. : 

D  =  30.  t 

=  2.7  C 

).05>  P>  0.02 

Flguro  4.  Survival  times  In  hours  of  mice  given  one  neutrallilng  dose  of  antitoxin 
serum  4  versus  10  hours  after  the  tetanus  toxin  Injection.  Start  of  hypothermia  1-2 
hours  after  the  toxin  Injection,  warming  up  Immediately  after  the  Injection  of  anti¬ 
toxin.  (5  normolhermlo  mice,  3  hypothermic  for  3  hours,  and  3  hypothermic  for  9 
hours,  all  receiving  antitoxin  after  15  min.,  survived). 


pretreatment  only  were  run.  The  toxin  injection  was  always  made 
after  the  start  of  hypothermia.  The  experiments  differed  slightly 
as  to  the  period  of  hypothermia  preceding  the  toxin  injection 
and  the  dose  of  toxin,  but  hypothermia  was  always  maintained 
to  tire  end  of  the  experiments.  The  results  are  given  in  Fig.  5. 

Thus,  in  all  groups,  the  average  survival  was  longer  in  hypo¬ 
thermic  mice.  The  differences  within  the  groups  were  significant, 
and  if  all  the  material  is  taken  together,  they  were  even  more 
significant.  It  was  next  attempted  to  study  the  influence  of  hypo¬ 
thermia  on  the  time  during  which  staphylococcal  toxin  could 
be  neutralized  by  antitoxin  to  a  degree  sufficient  to  save  the 
mice  or  at  least  prolong  their  survival  in  a  manner  similar  to 
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Group  1.  2.  3.  4, 


State 

N 

H 

N 

H 

N 

H 

N 

H 

Survival, 

105 

180 

80 

200 

110 

345 

minutes 

60 

150 

190 

190 

110 

370 

100 

250 

120 

215 

100 

240 

140 

100 

30 

150 

210 

150 

230 

50 

195 

100 

150 

210 

120 

180 

70 

380 

100 

195 

220 

75 

240 

2  30 

90 

230 

265 

80 

200 

230 

80 

230 

H 

B2 

j|j§S 

212 

128 

208 

96 

278 

e(M) 

+  7.3 

kB 

110.8 

119.3 

111.6 

♦  16.0 

±55.7 

Diff. 

121 

75 

80 

182 

t-value 

8.58 

3.64 

3.55 

3.14 

Degrees 
of  freedom 

18 

10 

8 

8 

P 

<  0.001 

0.01-0 

001 

o 

o 

h- 

1 

-° 

001 

o 

1 

04 

O 

O 

01 

Total  N:  102  1  7.6 
Total  H:  220  1  11.5 


Diff.  118.  t  =  8.09.  dF  50. 


PC0.001 


Figure  5.  Survival  tlmei  In  normothermlo  veriue  hypothermlo  mloe  given  one 
MLDioo  of  ataphylocooctl  toxin.  Hypothermia  lnduood  about  6  houre  before  the  toxin 
injootion.  (N  ■  normothermlo.  H  »  hypothermlo). 


the  work  on  tetanus  toxin.  In  order  to  establish  suitable  experi¬ 
mental  conditions,  a  number  of  neutralization  tests  were  first 
set  up  in  normothermlo  mice  given  only  the  pretreatment.  The 
results  are  reported  in  Fig.  6  and  Fig.  7. 

As  the  number  of  mice  was  small  and  as  the  results  emanate 
from  several  experiments,  no  statistical  treatment  has  been  done, 
but  generally,  there  was  a  good  correlation  between  the  length 
of  the  toxin-antitoxin  interval  and  the  survival  times.  Essentially, 
the  experiments  differed  in  one  respect  only;  in  one  group,  the  anti¬ 
toxin  dose  was  increased  from  one  to  four  neutralizing  units,  and 
the  results  of  this  experiment  are  reported  in  Fig.  6  and  Fig.  7. 
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Survival 

minutes 

=  60 

61- 

75 

76- 

90 

91- 
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240 
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1 

5/7 
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1 

2 

/5 
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1 

1 

1 

2 

1 

1 

/I 

6-15 

2 

1 

3 
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1 

1 

16-25 

n 

/I 

1/3 

26-45 

/i 

46-60 

/i 

Figure  6.  Survival  tlmei  of  51  pretreited  but  normothermlo  mice  after  Intravenous 
Injeotlon  of  one  lethal  doee  of  ataphyloooooal  toxin,  followed  by  one  or  (bottom  right  In 
the  columns)  four  neutralizing  units  of  antitoxin  after  different  Intervals. 

Common  to  all  groups  was  the  observation  that  increasing 
toxin-antitoxin  interval  diminished  the  ability  of  antitoxin  to  prolong 
the  survival.  The  larger  dose  of  antitoxin  gave  more  absolute 
survivals  and  at  longer  toxin- antitoxin  intervals  increased  sur¬ 
vival  times. 

As  to  the  influence  of  hypothermia  on  the  time  relationships 
described  in  the  Figures  6  and  7,  the  work  in  this  area  is  in 
its  beginning  stages.  Only  one  of  the  experiments  has  contained 
five  animals  made  hypothermic  about  five  hours  prior  to  the 
injection  of  toxin.  They  all  represent  a  toxin- antitoxin  interval 
of  two  minutes.  The  average  survival  time  of  these  mice  was 
284  minutes,  and  the  result  is  marked  as  a  single  point  in  the 
figure.  This  is  situated  well  above  the  curve  for  normothermic 
mice  given  the  same  antitoxin  amount,  one  neutralizing  dose, 
but  there  is  no  statistical  difference  between  this  average  and 
that  of  the  normothermic  mice  in  the  same  experiment  (t  =  1.7 ; 
dF  8;  P  >  0.1). 
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Survival  time,  minute* 


Figure  7.  Average  eurvlval  Umee  of  groups  of  normothermio  mloe  given  one 
MLD100  of  staphyloooocal  toxin  and,  after  different  Intervals,  one  or  four  (broken 
line)  neutralising  doses  of  homologous  antitoxin.  Same  average  for  a  group  of  five  hypo¬ 
thermic  mice  Is  marked  as  a  single  point. 


DISCUSSION 


It  should  first  be  pointed  out  that  our  experiments  involve  a 
procedure  for  attaining  hypothermia  by  the  elimination  of  the 
normal  thermoregulation;  thus,  hypothermia  is  reached  without 
stress  reactions. 
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The  first  experiment  indicated  a  significantly  prolonged  survival 
time  and  milder  tetanic  manifestations  in  hypothermic  mice.  These 
mice,  however,  got  more  pronounced  tetanus  and  died  at  or  very 
soon  after  rewarming.  To  this  result,  which  may  mean  simply  that 
a  postponement  of  the  toxic  effect  has  come  to  an  end,  may  be  con¬ 
tributed  the  trauma  induced  by  the  rewarming  process  itself.  The 
possibility  also  remains  that  warming  up  effects  a  compensatory 
overnormal  metabolism,  thus  giving  the  toxin  an  especially  good 
access  to  susceptible  cells. 

If  the  protective  effect  of  hypothermia  is  due  to  a  retarded 
fixation  of  the  toxin  to  its  receptor  cells,  hypothermia  should  pro¬ 
long  the  period  during  which  the  toxin  may  be  neutralized  by  anti¬ 
toxin  before  its  entry  into  these  cells.  Too  few  experiments  have 
been  made  to  allow  a  safe  verification  of  this  assumption,  but  it  is 
interesting  to  note  that  with  a  toxin- antitoxin  interval  of  four  hours, 
a  two  hour  period  of  hypothermia  increased  the  average  survival 
to  not  less  than  37  hours.  Further  experiments  are  planned  to  in¬ 
vestigate  whether  this  increase  may  be  converted  to  a  lasting  sur¬ 
vival  if  an  adequate  toxin-antitoxin  interval  is  chosen. 

The  evaluation  of  these  results  with  tetanus  toxin  must  be  made 
with  great  caution.  The  injection  of  toxin  was  made  subcutaneously 
and  though  hypothermia  did  not  start  until  about  2  hours  after  the 
injection,  part  of  the  toxin  may  have  been  more  slowly  absorbed  in 
hypothermic  animals.  Furthermore,  narcotics,  as  a  rule,  have  an 
attenuating  effect  on  tetanic  manifestations.  There  are  good  reasons 
to  believe  that  the  drugs  given  as  pretreatment  are  more  slowly 
eliminated  in  hypothermic  animals,  and  this  may  account  for  at 
least  part  of  the  protective  effect  of  hypothermia.  Therefore, 
staphylococcal  toxin  was  chosen  for  the  subsequent  tests.  In  this 
case  the  situation  is  apparently  reversed,  in  that  the  effect  of  this 
toxin  seems  to  be  enhanced  by  the  narcotics  used  for  pretreatment. 

Hypothermia  was  also  found  to  prolong  the  survival  time  after 
the  injection  of  staphylococcal  toxin.  On  the  basis  of  the  same  con¬ 
siderations  as  for  tetanus  toxin,  a  series  of  neutralization  tests  have 
been  begun  which  have  already  indicated  a  fairly  good  correlation 
between  the  time  allowed  to  pass  between  the  injections  of  toxin  and 
antitoxin,  and  the  ability  of  antitoxin  to  prolong  the  survival  time  in 
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normothermic  mice.  The  ability  of  hypothermia  to  alter  this  relation 
is  not  yet  verified,  but  according  to  a  first  experiment,  it  seems 
probable  that  it  will  be. 


SUMMARY 


In  hypothermic  mice  with  a  body  temperature  of  22°  C  to  23°  C 
given  lethal  doses  of  tetanus  toxin,  the  survival  time  was  sig¬ 
nificantly  longer  than  in  normothermic  controls  given  a  preparatory 
(Hibernal- Nembutal)  treatment  but  not  chilled.  The  tetanus  was  also 
less  pronounced  in  hypothermia,  but  increased  at  the  rewarming 
procedure.  During  or  soon  after  rewarming,  the  animals  died. 

The  ability  of  antitoxin  to  prolong  the  survival  in  normothermic 
mice  varied  with  the  interval  between  the  Injection  of  toxin  and 
antitoxin  administration.  When  hypothermia  was  maintained  during 
part  of  this  interval,  the  survival  was  significantly  more  prolonged, 
and  much  more  than  corresponded  to  the  length  of  the  hypothermic 
period. 

For  several  reasons,  these  results  must  be  cautiously  evaluated, 
but  they  suggest  that  the  fixation  of  toxin  to  susceptible  cells  is 
retarded  in  hypothermia. 

in  another  series  of  experiments  with  staphylococcal  toxin, 
similar  results  were  obtained.  Hypothermia  prolonged  survival  and 
the  neutralizing  effect  of  antitoxin  diminished  when  the  toxin-anti¬ 
toxin  interval  increased.  That  hypothermia  may  prolong  the  period 
during  which  neutralization  is  possible  is  not  yet  known,  but  a  first 
experiment  of  a  series  to  be  continued  in  the  future  points  in 
this  direction. 
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DISCUSSION 


SULK3N:  I  think  it  might  be  of  interest  to  recall  some  ex¬ 
periments  that  were  reported  in  the  early  twenties  by  Bronfen- 
brenner  and  Weiss1  in  which  it  was  shown  that  ether  anesthesia, 
alone  and  in  combination  with  specific  antitoxin,  decreased  mor¬ 
tality  in  experimental  botulism  in  mice.  On  the  basis  of  these 
early  studies,  I  became  interested  in  the  effect  of  anesthesia  on 
experimental  viral  infections2  and  found  that  many  animals 


1  J.  Exp.  Med.  1924.  39:  517-532. 

2  Sulkln  et  »!.  1946.  J.  Exp.  Med.  84:  277-292. 
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would  survive  infection  with  Western  equine  virus  if  they  were 
kept  under  anesthesia  for  prolonged  periods  of  time,  and  further¬ 
more,  by  using  hyper-immune  serum  additional  animals  would 
survive. 3 

CAMPBELL:  What  is  your  prolonged  period  of  time? 

SULK1N:  Three  4-hour  periods  of  diethyl  ether  anesthesia 
were  used.  A  similar  underlying  mechanism  may  be  involved, 
since  during  anesthesia  the  temperature  falls  as  a  result  of 
diminished  musculur  activity  and  Increased  heat  loss. 

BLAIR:  I  think  this  is  a  very  interesting  piece  of  work,  and 
while  the  experimental  model,  Dr.  Tunevall,  is  quite  differ¬ 
ent  than  the  one  which  I  will  discuss  the  day  after  tomorrow, 

I  believe  that  the  philosophies  are  probably  going  to  be  quite 
similar.  There  are  two  probable  foci  of  activity,  one  which 
you  have  emphasized;  that  dealing  with  the  toxin-antitoxin  ac¬ 
tivity,  that  is,  the  activity  of  the  organism  depending  on  the 
organism  itself.  And  of  course,  the  other  site  of  action  is  the 
host  itself;  that  is,  the  overall  physiological  integrity  of  the 
host  as  a  result  of  the  induced  infection.  1  think  that  the  point 
that  you  made  is  that  hypothermia  seemed  to  postpone  the  ac¬ 
tivities.  1  have  found  this  to  be  very  much  the  same  situation, 
using  gram  negative  coliform  bacillus  in  my  own  studies.  I  hate 
to  give  away  all  my  thunder,  but  I  think  it  is  apropos  since  your 
work  does  dovetail  so  well  with  it.  It  is  simply  that  the  hypo¬ 
thermia  doesn't  really  alter  these  things  to  a  tremendous  ex¬ 
tent  permanently.  It  is  particularly  striking  that  upon  rewarming 
there  was  a  very  high  death  rate.  This  re-emphasizes  the  mat¬ 
ter  somewhat  and  the  picture  of  death  and  prevalent  death  is 
identical  upon  rewarming. 

BLAIR:  The  point  is,  that  we  have  to  consider  very  care¬ 
fully  the  level  of  hypothermia  that  we  are  talking  about,  and 
using  in  the  experimental  model,  particularly  with  relation  to 
overall  physiological  changes  as  presumably  benefits  the  un- 


3  Sulkln  et  nl.  1945.  Proc.  Soc.  Exp.  Biol.  Mod.  60:  163-165. 
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fortunate  situation  which  it  creates,  and  then,  of  course,  the 
level  of  hypothermia  which  may  have  a  more  direct  effect  upon 
the  organisms  in  question. 

PREVITE:  I  am  curious,  Dr.  Tunevall,  as  to  why  you  didn't 
make  your  normothermic  mice  swim  for  two  hours  in  a  water 
bath  at  thirty-seven  degrees  just  to  make  the  two  groups  com¬ 
parable.  You  tied  the  mice  down  and  made  them  swim  in  cold 
water,  but  not  warm  water. 

TUNEVALL:  1  don't  know  how  to  get  them  to  stay  in  the  water 
bath. 

MIRAGLIA:  If  you  place  the  animals  in  the  containers  that 
have  very  smooth  vertical  sides,  there  is  no  difficulty  in  keeping 
the  animal  swimming  continuously  for  over  an  hour. 

MONCRIEF:  At  Denver,  they  tried  that  and  they  just  stif¬ 
fened  their  tails  up  and  stood  on  them,  or  else  balanced  their 
chins  and  their  tails  on  both  sides  of  the  container. 

BLAIR:  Apparently  I  should  harbor  resentment,  Dr.  Tune¬ 
vall,  in  your  initial  observation  that  the  cart  came  before  the 
horse  with  regard  to  using  hypothermia.  I  have  been  "guilty". 

I  refuse  to  take  the  stand  or  stand  court  trial  on  this,  but  hypo¬ 
thermia  probably  has  been  exercised  rather  liberally  with  patients 
before  there  has  been,  shall  we  say,  adequate  research  or  ex¬ 
perimental  investigation.  I  do  wish  to  state,  though,  that  there 
has  been  a  tremendous  amount  of  research  in  hypothermia  for 
many  years  before  this  modern,  so-called  era  of  clinical  ap¬ 
plication.  But  it  is  true,  however,  that  there  are  many  facets 
that  we  know  very  little  about,  particularly  with  regard  to  in¬ 
fections,  on  the  hazards  of  hypothermia.  Part  of  this  has  been 
demonstrated  by  virtue  of  the  fact  that  there  has  been  a  good 
deal  of  difference  us  reported  on  results  and  literature  on  ex¬ 
perimentally  induced  infections  using  pheumococcus,  for  example. 
The  animals  were  cooled  --  I  believe  these  were  mice --  to 
very  profound  levels  of  20°  C.  While  there  was  one  report  of 
some  improvement  of  survival,  actually  there  were  other  re¬ 
ports  which  indicated  a  higher  death  rate.  1  think  that  Dr.  Eismnn 
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did  this.  I  was  in  Colorado  last  March  and  talked  with  one  of 
his  young  gentlemen.  They  have  since  repeated  this  work  using 
more  moderate  levels  of  cooling  —  30°  C  —  and  the  opposite 
result  was  obtained.  There  was  a  much  more  significant  rate 
of  survival  at  the  more  moderate  level  of  cooling,  and  this  ob¬ 
viously  related  to  the  host  problem  that  I  mentioned. 

TUNEVALL:  My  characterization  of  the  situation  relates  to 
the  early  1950 's  when  hypothermia  was  already  being  used  ther¬ 
apeutically  in  several  clinical  conditions.  I  don't  think  they  knew 
very  much  what  they  were  doing  then. 

BLAIR:  I  discussed  it  a  few  moments  ago.  They  used  arti¬ 
ficial  hibernation,  and  I  hate  those  words. 

CAMPBELL:  Do  you  think  new  immunomechanisms,  antibodies, 
play  any  part  in  it? 

TUNEVALL:  In  this  connection,  no,  I  don't  think  so. 

CAMPBELL:  But  there  aren't  any  so-called  natural  antibodies 
on  the  antigens  that  you  were  testing? 

BERRY:  In  that  connection,  at  the  meetings  in  Montreal  it 
was  said  by  one  of  the  speakers  on  a  symposium4  that  all  ani¬ 
mals  have  a  very  high  immunity,  not  a  natural  immunity.  It 
is  acquired  through  contact  with  staphylococci  and  this  is  the 
reason  why  any  immunization  against  staphylococci  is  so  un¬ 
successful.  They  are  already  maximumally  immunized.  This 
is  a  concept  that  never  occurred  to  me,  but  maybe  it  has  some 
validity,  at  least  in  regard  to  the  staphylococcin  antibodies 
not  normally  present  as  a  result  of  the  contact. 

TUNEVALL:  I  think  that  the  only  way  to  bring  active  anti¬ 
body  formation  into  this  picture  would  be  to  arrange  for  a  secondary 
response. 


4  Dr.  Dnvtd  Kogors,  Vanderbutlt  University. 
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CAMPBELL:  I  was  thinking  of  the  situation  in  which  the 
antibodies  are  already  there  and  they  are  less  operative.  I  do 
not  know  the  mechanism  on  neutralization,  but  you  do  have  stress 
conditions  in  which  you  can  reduce  shock,  particularly  in  mice, 
by  injecting  cortico  Bteroid,  If  you  inject  it  ten  or  fifteen  min¬ 
utes  before  you  inject  antigen,  you  can  reduce  the  hypersensitivity 
of  the  reaction. 

BERRY:  Dr.  Previte  did  some  experiments  with  staphylococci. 

PREV1TE:  Yes,  that  was  part  of  a  study  on  cold  exposure. 
However,  Bince  the  experiments  were  of  short  duration,  and 
since  rectal  temperatures  of  staphylococcus  toxin  injected  ani¬ 
mals  were  not  measured,  and  hypothermia  was  not  induced,  the 
results  are  probably  not  applicable  to  Dr.  Tunevall's  findings. 

BERRY:  No,  they  are  not  directly  so,  but  there  was  no  effect 
of  cold  exposure  under  your  conditions? 

PREVITE:  No,  because  the  number  of  animals  used  was  not 
large  enough.  However,  the  results  did  indicate  that  a  signifi¬ 
cant  effect  would  have  been  demonstrable  with  a  larger  number 
of  mice. 

MITCHELL:  Saint  Patrick  did  such  a  good  job  over  in  Ireland, 
but  would  the  same  mechanisms  that  you  are  talking  about  rela¬ 
tive  to  hypothermia,  and  with  your  so-called  antitoxin,  work 
also  for  venoms  of  snakes? 

BERRY:  You  are  asking  Dr.  Tunevall? 

MITCHELL:  Yes. 

ANDRE  WES:  He  didn't  know  about  Saint  Patrick. 

MITCHELL:  Saint  Patrick  did  a  good  job  of  cleaning  up  Ire¬ 
land  of  snakes  for  the  poor.  Actually,  what  I  am  talking  about 
is  whether  or  not  the  mechanism  you  have  described,  say,  for 
staph- toxin,  and  for  one  of  your  other  toxins,  works  equally 
well  for  venoms  of  what  we  call  our  rattle  snake,  or  in  our 
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country,  the  coral  snake,  or  perhaps  the  cobra;  now,  whether 
or  not  these  could  be  employed,  because  we  do  have  situations 
in  which  this  occurs,  becomes  a  very  important  facet  of  a  military 
operation. 

TUNEVALL:  I  can  only  guess  In  that  connection,  and  guesses 
are  not  sure. 

BERRY:  You  have  not  used  the  intravenous  route  of  admini¬ 
stration  of  toxins  and  antitoxins? 

TUNEVALL:  Yes,  I  have  injected  by  the  intravenous  route. 

PREVITE:  There  have  been  some  reports  In  which  rabbits 
rendered  hypothermic  and  infected  with  staphylococcus  mani¬ 
fested  prolonged  survival  compared  to  homeothermic  infected 
controls.  Staphylococci  were  injected  into  the  bones  of  the  rab¬ 
bit.5 

BLAIR:  I  think  an  important  matter  here  is  that  there  have 
been  various  types  of  experimental  models  also  in  administration 
as  well  as  type  of  organism  used,  but  the  important  thing  to 
me  is  the  fact  that  while  survival  was  prolonged,  all  of  the  ani¬ 
mals  succumbed.  There  have  been  no  experiments  with  per¬ 
manent  survival,  and  that  is  a  very  important  matter  because, 
as  I  will  discuss  again  in  detail  the  day  after  tomorrow,  I  think 
that  in  the  viewpoints  concerning  the  role  of  "therapeutic"  hypo¬ 
thermia,  we  are  going  to  need  some  very  definite  clarification. 
Obviously,  the  situation  which  does  not  produce  full,  long-term 
survivals  can  hardly  be  considered  efficacious. 

PREVITE:  Yes,  but  it  might  be  used  as  an  adjunct  with  some¬ 
thing  else. 

WALKER:  Or  it  may  provide  you  with  time  to  do  something 
like  administer  nntitoxin. 


5  Grifhishkin,  I).  K.  1956.  Kkspcrlm.  KhlrurRtn. 
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BLAIR:  Yes. 

CAMPBELL:  Concerning  the  basic  immune  mechanism,  this 
occurred  to  me.  I  wonder  if  anyone  has  studied  the  effect  of 
hypothermia  on  the  threshhold  reaction  to  histamine  acetycho- 
line,  or  so-called  slow  reacting  substance.  That  would  be  a 
fairly  Interesting  problem. 

NORTHEY:  Well,  I'd  just  like  to  add  to  that  a  little.  We  have 
done  some  preliminary  studies  in  which  we  sensitized  cold 
exposed  and  control  Guinea  pigs  to  egg  albumin  and  later  on 
moved  the  uterine  horn  and/or  a  strip  of  smooth  muscle  from 
the  intestine.  With  both  the  egg  albumin  antigen  and  histamine 
we  stimulated  these  tissues  in  the  cold  exposed  and  non-cold 
exposed  Guinea  pigs.  The  responses  were  measured  on  a  physio- 
graph,  In  these  preliminary  experiments  which  were  made  with 
ten  or  twelve  animals  per  study  group,  we  were  able  to  see 
no  significant  differences  in  the  responses  of  the  cold  exposed 
animals  from  those  in  the  controls. 

BLAIR:  I  can't  remember  the  details,  but  the  Schwartzman 
phenomenon  was  studied.  I  don't  know  if  this  falls  strictly  in¬ 
to  the  category  that  you  mentioned,  but  the  cutaneous  mani¬ 
festations  are  delayed,  and  if  they  do  appear,  they  are  consider¬ 
ably  less. 

TRAPANI:  Is  that  because  skin  temperature  is  different  from 
core  temperature? 

BLAIR:  No,  this  is  a  stabilized  state  and  during  stabilized 
hypothermia,  the  gradient  between  the  skin  and  the  core  is  very 
much  the  same  in  the  hypothermia  as  it  is  without  the  hypo¬ 
thermia,  so  the  skin  temperature,  of  course,  is  lower,  and  this 
might  be  part  of  that.  The  blood  flow  to  the  skin  has  been  mea¬ 
sured  in  hypothermia  and  during  this  stabilized  state.  It  is  re¬ 
duced,  but  not  considerably.  It  is  markedly  reduced,  of  course, 
during  the  period  of  cooling,  but  in  the  so-called  steady  state, 
the  blood  flow  to  the  skin  is  fairly  substantial. 

TRAPANI:  But  you  can  still  have  an  actual  temperature  effect, 
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per  se,  on  the  cellular  mechanism? 

BLAIR:  Oh,  yes.  Of  course,  the  skin  and  temperature,  per 
se,  is  lower;  however,  it  gradually  begins  to  rise  in  the  room 
temperature  environment. 
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ABSTRACT 

Adult  albino  mice  (Mua  musculus)  have  been  employed  in  a  series  of  experiments 
to  determine  the  effect  of  ucule  and  chronic  low  temperature  exposure  on  resistance 
to  bucterlnl  disease.  Disease  organisms  used  were  Klebsiella  pneumoniae  and  Staphyl¬ 
ococcus  aureus.  Animals  challenged  with  these  organisms  had  been  previously  immu¬ 
nized  with  the  specific  agent  or  had  been  pretreated  with  zymosan  or  Escherichia 
coll  endotoxin.  Groups  of  mice  kept  at  21°  C  were  compared  to  similarly  treated 
groups  kept  nt  2°  C  for  30-45  days.  Also,  mice  challenged  at  21°  C  were  then  placed 
at  2°  C.  The  mice  challenged  at  2°  C  were  kept  nt  this  same  temperature,  caged 
either  singly  or  in  groups.  The  results  show  that  under  these  conditions  specific 
immunization  affords  significant  protection  ns  compared  to  nonspecific  immunization 
of  the  animals.  The  degree  of  resistance  induced  by  nonspecific  immunization  is 
significant  by  comparison  with  the  control  animals.  The  extent  of  protection  is  de¬ 
creased  if  the  animals  nre  acutely  cold  stressed  ns  compared  to  chronic  cold  stress. 
Also,  specific  immunization  docs  not  protect  nnlmuls  ns  well  if  they  are  caged  in¬ 
dividually  at  the  cold  tempernlure  as  compared  to  being  caged  in  groups;  thus,  psy¬ 
chological  fuctors  of  isolation  should  not  be  disregarded.  It  is  concluded  that  specific 
Immunization  affords  increased  resistance  compared  to  nonspecific  immunization; 
however,  the  degree  is  dependent  on  factors  such  as  grouping  and  chromcity  of  ex¬ 
posure. 


Reported  results  vary  concerning  the  effect  of  exposure  of  experimental  animals 
to  cold  on  virus- induced  diseases.  In  some  cases  resistance  has  been  found  to  de¬ 
crease,  in  other  cases  resistance  has  been  found  to  remain  unchanged  or  to  increase. 
Different  routes  of  challenge,  virnl  agents,  animal  species  employed,  and  variations 
in  caging,  such  ns  Individual  or  grouped,  are  among  the  variables  which  may  account 
for  apparently  diverse  results  reported.  Experiments  were  conducted  with  one  strain 
of  adult  albino  Mus  muscullus  to  determine  the  effect  of  acute  nnd  chronic  exposure  of 
those  animals  on  induced  viral  disease.  The  mice  wore  kept  at  either  2°  C  or  room 
tomporature  (cn,  21°  C).  The  viral  ngent  chosen  was  a  strain  of  Coxsackie  B-5  which 
will  infect  tho  mice  following  intraperltoneal  injection.  Results  indicate  that:  (1)  Acute 
exposure  followed  by  challenge  results  in  lowered  resistance.  (2)  Specific  immunization 
affords  significantly  increased  protection  which  is  not  reduced  by  acute  exposure. 
(3)  Non  specific  immunization  enhances  resistance  above  that  shown  by  untreated  animals, 
but  tho  extent  of  resistance  is  less  thnn  that  achieved  by  specific  immunization.  If  the 
animals  are  first  acclimatized  to  cold  anil  then  challenged,  results  are  changed  in  the 
following  mannor:  (1)  Acclimatized  mice  are  capable  of  withstanding  challenge  doses  that 
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kill  chnllongixl  and  aoutely  exposed  animals.  (2)  Specific  ImmunltaUon  Increases  re¬ 
sistance  of  mice  kept  at  2°  C.and  this  immunity  is  of  the  same  magnitude  as  In  animals 
kept  and  immunized  at  room  temperature.  (3)  Nonspecific  Immunlratlon  does  not  in¬ 
crease  resistance  of  cold  acclimatized  mice. 


Numerous  reports  on  the  Influence  of  environmental  temperature 
on  host-parasite  relationship  have  appeared  in  the  following  litera¬ 
ture:  Pasteur,  Jouhert,  and  Chamberland,  1878;  Lillie  et  al.,  1937; 
Fay  and  Henny,  1938;  Armstrong,  1938  and  1942;  Smith  and  Fay, 
1939;  Bischoff  and  Long,  1939;  Sarracino  and  Soule,  1942;  Fuller, 
Brown,  and  Mills,  1941;Goldfeder,  1941; Wallace, Wallace, and  Mills, 
1942  and  1944;  Mills  and  Schmidt,  1942;  Muschenheim  et  al,,  1943; 
Sulkin,  1945;  Ipsen,  1952;  Walker  and  Boring,  1958;  Sulkinetal., 
1960;  Miya  et  al.,  1962;  Miraglia  and  Berry,  1962;  Previte  and  Berry, 
1962.  There  is  general  agreement  that  the  physical  environment 
can  alter  or  influence  the  course  of  disease;  however,  isolating  the 
specific  factors  involved  remains  difficult.  Consequently,  the  re¬ 
ports  of  results  obtained  by  workers  in  this  field  are  frequently 
conflicting  even  though  the  same  challenge  agents  and  animal  species 
may  have  been  employed. 

During  the  past  two  years  experiments  have  been  conducted  in  our 
laboratory  to  test  the  hypothesis  that  preceding  or  following  exposure 
to  low  temperatures,  the  capacity  of  experimental  animals  to  resist 
local  or  systemic  infectious  diseases  is  (a)  unchanged  or  (b)  in¬ 
creased  or  decreased.  Presumably,  changes  observed  would  be 
mediated  by  humoral,  cellular,  or  vaguely  defined  physiological 
factors  which  muy  be  isolated  or  otherwise  identified  for  study. 

Our  experiments  have  proceeded  along  three  lines:  (1)  investi¬ 
gation  of  the  effect  of  low  ambient  temperature  on  host- parasite  re¬ 
lations  in  both  unacclimatized  and  acclimatized  animals  following 
experimental  infection;  (2)  investigation  of  alteration  of  specific  and 
nonspecific  resistance  of  animals  exposed  to  cold  stress;  (3)  in¬ 
vestigation  of  the  influence  of  low  ambient  temperature  on  the 
progress  of  viral  neoplastic  disease  in  mice. 
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MATERIALS  AND  METHODS 


In  all  the  experiments  adult  albino  mice  (Mus  musculus)  were 
randomized  as  to  sex,  age,  and  weight.  The  average  weight  of  the 
animals  at  the  initiation  of  any  experiment  was  21  gm.  The  ambient 
temperatures  employed  were  21°  C  and  2°  C.  The  temperatures  of 
the  rooms  did  not  vary  more  than  *  1.5°  C.  The  mice  were  placed 
at  2°  C  following  treatment  and  challenge  at  21°  C  (acute  exposure 
of  unacclimatized  animals)  or  exposed  to  2°  C  for  varying  periods, 
treated,  challenged,  and  observed  at  2°  C  (acclimatized  animals). 

Klebsiella  pneumoniae  was  obtained  from  departmental  stock 
cultures,  and  Staphylococcus  aureus,  strain  Fritchie,  was  obtained 
from  Doctor  R.  D.  Higginbotham,  University  of  Texas  Medical 
.Branch,  Galveston,  Texas.  The  organisms  were  maintained  on  blood 
agar.  Single  colonies  were  transferred  to  tryptose  phosphate  broth 
(Dlfco)  or  solid  media  and  incubated  at  37°  C  for  18  hours  when 
needed. 

Viruses  used  in  these  experiments  were  obtained  from  depart¬ 
mental  stock  and  from  Doctor  Duard  L.  Walker,  University  of 
Wisconsin,  Madison,  Wisconsin.  The  viruses  were  propagated  and 
assayed  on  monkey  kidney  cells  using  technic  described  by  others 
(Dulbecco  and  Vogt,  1954;  Youngner,1954; Bubel,  1958;Bailey,  1960). 

Vaccines  were  prepared  for  specific  immunization  from  the 
bacterial  and  viral  agents  by  the  use  of  formalin  inactivation.  The 
mice  were  immunized  with  intraperitoneal  injections  of  thevaccines 
contained  in  0.1  ml  volume.  Seven  days  were  allowed  to  lapse  before 
challenge.  Zymosan  (lot  OB  298,  Fleischmann  Laboratories,  Stam¬ 
ford,  Connecticut)  and  Escherchla  coli  endotoxin  (Difco  0293, 
E,  coll  055:B5)  were  used  as  nonspecific  immunizing  agents.  The 
details  of  the  preparation  and  immunizati  on  schedules  have  been 
previously  described  (Miya,  Marcus,  and  Perkins,  1961;  Marcus 
et  al.,  1961a;  Marcus  et  al.,  1962). 

Measurements  of  the  mouse  core,  shell,  and  upper  respiratory 
cavity  temperatures  were  obtained  with  calibrated  probes  (Electric 
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Universal  Thermometer,  type  TE3,  Chemloal  and  Pharmaceutical 
Industry  Company,  Inc.,  New  York).  The  rectal  probe  was  inserted 
2  cm  (Marcus  et  al.,  1961b). 

Oxygen  uptake  studies  were  conducted  by  employing  the  Warburg 
constant  volume  respirometer  technique  (Umbreit,  Burris,  and 
Stauffer,  1957).  The  substrate  was  2.5  ml  of  tryptose  phosphate 
broth.  Standardized  amounts  of  bacteria  were  added  in  a  volume  of 
0.5  ml.  The  center  well  contained  0.2  ml  of  20  per  cent  KOH  plus 
a  1  cm^  fluted  filter  paper.  FlaskB  were  set  up  in  duplicate. 


RESULTS 


Effect  of  Varying  Temperatures 

In  order  to  assess  the  effects  of  acute  and  chronic  low  tempera¬ 
ture  stress  on  meohanisms  of  specific  and  nonspecific  resistance  to 
microorganisms,  it  became  apparent  that  information  concerning 
the  behavior  of  the  challenge  agents  at  low  temperatures  was 
necessary.  It  has  been  observed  that  certain  small  animals  under¬ 
go  a  considerable  drop  in  core  temperature  when  placed  in  an 
environment  in  which  the  ambient  temperature  is  considerably  less 
than  the  normal  core  temperature.  Since  specific  information  con¬ 
cerning  the  metabolic  and  growth  behavior  of  the  challenge  agents 
(K.  pneumoniae  and  S.  aureus)  at  temperatures  lower  than  37°  C  was 
lacking,  it  became  apparent  that  data  were  necessary  for  the  in¬ 
terpretation  of  experiments  involving  specific  and  nonspecific 
resistance  mechanisms  at  core  temperatures  less  than  normal. 

Growth  of  the  bacteria  was  determined  by  employing  turbidity 
as  a  function  of  time.  Turbidity  of  the  growing  cultures  was 
measured  in  a  Klett-Summerson  photoelectric  colorimeter  with  a 
blue  filter.  The  numbers  of  organisms  present  for  any  given 
turbidity  measurement  was  determined  from  a  standard  curve 
based  on  the  assumption  that  each  organism  present  divides  at  the 
same  time;  the  generation  time  for  these  experiments  is  defined 
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MINUTES 


Figure  1.  Effect  of  varying  temperatures  on  oxygen  uptake  of  Klebsiella  pneumoniae. 


MINUTES 

Figure  2.  Effect  of  varying  temperatures  on  oxygen  uptake  of  Staphylococcus  pyo¬ 
genes  aureus. 
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Figure  3.  Effect  of  varying  temperntures  on  growth  of  Klebalella  pneumoniae. 


Figure  A.  Effect  of  varying  temperatures  on  growth  of  Staphylococcus  pyogenes 
aureus. 
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ns  the  time  required  for  the  numbers  of  bacteria  present  to  double 
in  population. 

Constant  temperature  water  baths  which  maintained  the  specified 
temperature  ±  0.5°  C  were  employed  in  all  the  experiments. 

Effect  of  varying  temperatures  on  oxygen  uptake.  Figures  1  and  2 
show  that  a  number  of  different  curves  are  obtained  when  oxygen 
uptake  is  plotted  as  a  function  of  time  for  a  given  temperature.  The 
results  appear  identical  with  the  strains  employed  in  K.  pneumoniae 
and  S.  aureus.  A  significant  decrease  in  oxygen  uptake  occurs  at 
32°  C  compared  to  that  occurring  at  37°  C.  At  temperatures  below 
32°  C,  the  oxygen  uptake  rates  are  again  lessened,  but  little  change 
is  noted  between  20°  C  and  25°  C.  It  is  of  interest  that  the  S.  aureus 
oxygen  uptake  is  significantly  lower  than  that  of  K.  pneumoniae 
when  the  same  temperatures  are  compared. 

Effeot  of  varying  temperatures  on  growth  and  generation 
times.  Calibrated  cuvettes  (13  x  100  mm)  containing  5  ml  of  tryptose 
phosphate  broth  were  seeded  with  a  standard  loop  (0.01  ml)  of 
broth  inoculum  obtained  from  an  18-hour  culture.  The  optical 
density  was  measured  at  zero  time  and  thereafter  at  various 
Increments  of  time.  Duplicate  sets  of  cuvettes  were  employed. 
The  number  of  organisms  for  any  given  period  of  time  was  de¬ 
termined  by  reference  to  a  standard  curve.  The  results  are 
shown  in  Figures  3  and  4. 

It  is  seen  that  similar  results  were  obtained  with  the  strains 
of  K.  pneumoniae  and  jS.  aureus.  In  both  cases,  families  of  curves 
uere  obtained.  The  slopes  of  the  curves  are  not  significantly 
different  from  each  other,  indicating  that  the  generation  time  at 
temperatures  ranging  from  37°  C  to  25°  C  are  not  markedly 
affected  by  different  temperatures,  but  a  noticeable  increase  in 
the  lag  phase  is  seen.  No  measurable  increase  in  turbidity  occurred 
at  temperatures  below  25°  C.  It  is  possible  that,  for  the  time 
employed,  multiplication  did  not  occur  or  was  too  slow  to  be 
measured  by  this  technique. 


161 


MIYA,  MARCUS  AND  PHELPS 


Studies  on  Klebsiella  Pneumoniae  Passed  Through  Mice  Maintained 
at  Low  Ambient  Temperatures 

The  previous  section  revealed  information  concerning  the  meta¬ 
bolic  behavior  of  the  bacterial  challenge  agents  atdifferent  tempera¬ 
tures;  however,  it  was  not  possible  to  predict  the  metabolic  behavior 
and  virulence  of  the  organisms  when  given  to  an  animal  that  was 
acclimatized  to  the  cold.  In  order  to  see  if  any  changes  did  occur,  the 
following  experiment  was  carried  out. 

A  single  isolated  colony  of  K.  pneumoniae  was  inoculated  into 
tryptose  phosphate  broth  (Difco)  and  Incubated  for  18  hours  at 
37°  C.  One  tenth  ml  of  broth  suspension  of  organisms  per  mouse 
was  given  intraperitoneally.  At  the  end  of  24  hours,  the  surviving 
mice  were  sacrificed  by  decapitation.  The  peritoneal  cavities  were 
opened  aseptically  and  the  peritoneal  exudate  was  removed.  The 
exudate  was  reinjected  into  a  number  of  mice  after  a  sample  had 
been  seeded  to  heart  infusion  blood  agar  plates  (Difco)  for  isolation 
and  identification  procedures.  This  procedure  was  repeated  each 
day  for  7  days.  The  inoculated  mice  were  kept  at  either  21c  C  or 
2°  C  during  this  lime  of  organism  passage.  The  mice  had  been  kept 
at  those  respective  temperatures  for  40  days  prior  to  injection  with 
the  organisms.  The  K.  pneumoniae  strain  isolated  from  the  animals 
kept  at  2°  C  was  incubated  at  room  temperature  (21°  C)  while  the 
organisms  isolated  from  the  animals  kept  at  21°  C  were  incubated 
at  37°  C. 

The  K.  pneumoniae  passed  through  mice  maintained  at  2°  C  was 
compared  with  the  K.  pneumoniae  passed  through  mice  maintained 
at  21°  C  will)  respect  to  their  metabolic  behavior  and  virulence, 
it  is  seen  in  Figure  5that  incubation  of  both  strains  at  37°  C  results 
in  similar  growth  behavior  curves  when  comparing  organisms 
isolated  from  the  animals  maintained  at  2°  C  or  at  21°  C.  Slightly 
different  growth  curves  in  terms  of  comparison  of  the  two  strains 
were  obtained  when  these  organisms  were  incubated  at  32°  C 
(Figure  6).  The  K.  pneumoniae  isolated  from  animals  maintained 
at  2°  C  showed  growth  curves  almost  identical  with  those  obtained 
at  37°  C  incubation,  whereas  the  organisms  isolated  from  mice 
maintained  at  21°  C  show  a  definite  decrease  in  growth  maximum 
in  addition  to  an  increased  lag  phase.  These  results  suggested  that 
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Figure  5.  Effect  of  37°  C  Incubation  temperature  on  growth  behavior  of  K.  pneu¬ 
moniae  isolated  from  mice  maintained  at  2°  C  and  21°  C. 


HOURS 


Figure  6.  Effect  of  32°  C  Incubation  temperature  on  growth  behavior  of 
monlac  Isolated  from  mice  maintained  at  2°  C  and  21°  C. 
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Figure  7.  Effect  of  37°  C  Incubation  temperature  on  oxygen  uptake  of  K.  pneu¬ 
moniae  Isolated  from  mice  maintained  at  2°  C  and  21°  C. 
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Figure  8.  Effect  of  32°  C  Incubnllon  temperature  on  oxygen  uptnko  of  K.  pneumoniae 
Isolated  from  mice  maintained  at  2°  C. 
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an  organism  Isolated  from  a  low  temperature  acclimatized  animal 
oan  grow  equally  well  at  the  optimal  temperature  of  37°  C  or  at 
reduced  incubation  temperatures  of  32°  C,  whereas  the  organism 
isolated  from  an  animal  kept  at  21°  C  does  not  have  this  dual 
growth  capacity. 

The  situation  becomes  more  confusing  when  one  looks  at  the 
oxygen  uptake  curves.  When  both  the  isolated  strains  of  organisms 
are  incubated  at  37°  C,  the  oxygen  uptake  curves  are  similar  qual¬ 
itatively  and  quantitatively  (Figure  7).  When  both  isolated  strains 
of  organisms  were  incubated  at  32°  C,  the  oxygen  uptake  of  the 
IC  pneumoniae  Isolated  from  the  low  temperature  acclimatized 
animals  was  greater  than  that  of  the  organisms  isolated  from  mice 
maintained  at  21°  C.  This  is  what  one  would  expect  since  the  growth 
curves  exhibit  these  same  changes;  however  .note  that  quantitatively, 
the  amount  of  oxygen  uptake  for  both  isolates  is  approximately  one- 
half  when  incubation  is  carried  out  at  32°  C  compared  to  37°  C. 
This  implies  that  the  isolate  from  the  mice  kept  at  2°  C  is  more 
efficient  metabolically  since  it  can  grow  as  rapidly  at  32°  C  as  it 
can  at  37°  C,  yet  requires  only  one-half  the  amount  of  oxygen  to 
do  so  (Fig.  8). 

The  LDqq  values  of  both  isolates  are  summarized  in  Table  I. 
No  significant  differences  or  changes  in  the  virulence  of  the 
organisms  were  observed. 

Mouse  temperature  measurements.  In  order  to  determine  the 
effect  huddling  had  on  mouse  temperature  measurements,  the 
following  experiment  was  conducted.  Mice  were  placed  at  2°  C  or 
21°  C  in  cages  containing  either  a  single  mouse  or  a  group  of  five 
mice.  Core,  skin,  and  upper  respiratory  cavity  temperatures  were 
taken  hourly  for  the  first  four  to  five  hours  on  the  first  day,  then 
once  a  day  for  8  to  14  days,  and  finally  on  the  forty-fifth  day  of 
exposure.  Figure  9  shows  that  the  presence  of  five  mice  in  one 
cage  at  2°  C  results  in  temperature  measurements  that  increase 
gradually,  reaching  an  initial  maximum  in  2  to  4  hours  after  ex¬ 
posure.  Generally,  the  rectal  temperature  is  consistently  higher 
than  the  upper  respiratory  cavity,  but  it  does  not  appear  to  be 
significantly  greater.  The  skin  temperatures  are  considerably  less 
than  the  rectal  or  upper  respiratory  cavity  temperatures,  so  the 
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Temperature  of 
Experiment 

Dose 

Organism 

Mortality 

Ratio 

LD50  (95% 

Confidence  Limits) 

2°  C 

1040 

10/10 

104 

9/10 

20 

10.4 

P 

4/10 

(14.1  -  28.4) 

1.04 

0/10 

2°  C 

1040 

10/10 

104 

8/10 

35 

10.4 

NP 

3/10 

(14.6  -  84.0) 

1.04 

0/10 

21°  C 

1040 

10/10 

104 

7/10 

35 

10.4 

P 

4/10 

(15.9  -  77,0) 

1.04 

0/10 

21°  C 

1040 

10/10 

104 

4/10 

35 

10.4 

NP 

5/10 

(  3.5  -  350) 

1.04 

0/10 

Table  1.  LD„  values  of  Klebsiella  pneumoniae  Isolated  from  mice  maintained  at 
2°  C(P)  and  21°  C(NP)  following  Inlrnperltoncnl  Injection. 

three  temperature  curves  appear  to  parallel  each  other. 

In  Figure  10  are  presented  the  results  of  temperature  measure¬ 
ments  obtained  on  singly-caged  mice  maintained  at  2°  C.  Again  the 
three  temperature  curves  parallel  each  other,  and  the  temperature 
difference  is  of  the  following  descending  order:  rectal, upper  res¬ 
piratory  cavity,  skin.  The  rectal  temperatures  are  not  significantly 
greater  than  the  upper  respiratory  cavity  temperatures,  but  they  do 
show  consistently  higher  values.  Similar  to  the  results  obtained  with 
the  grouped  mice,  the  skin  temperatures  of  the  singly-caged  mice 
are  considerably  lower  than  the  rectal  and  upper  respiratory  cavity 
temperatures.  It  is  of  interest  to  note  that  an  initial  rise  in  temper¬ 
ature  occurs  within  one  hour  after  exposure  to  the  low  ambient  en¬ 
vironment,  and  is  then  followed  by  a  sharp  drop  in  temperatures 
which  reaches  a  maximal  fall  by  four  hours  post- exposure.  From 
tills  point  the  temperatures  gradually  rise  to  reach  stability  by  24 
hours  post- exposure.  The  time  of  stabilization  appears  to  be  the 
same  as  that  required  for  the  grouped  mice. 
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Figure  9.  Effeol  of  grouping  (6  mice/group)  dp  overage  temperatures  of  mice  main¬ 
tained  at  2°  C  *  1°  C. 


Figure  10.  Effect  of  single  caging  on  average  temperatures  of  mice  maintained 
at  2°  C  *  1°  C  (avorago  of  10  mlco). 
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Ambient  Temperatures 

Number  of  21°  C  2°  C  2°  C 

(grouped)  (grouped)  (single) 


Organisms 

normal 

immu¬ 

nized 

normal 

immu¬ 

nized 

normal 

immu¬ 

nized 

4.3 

8/10* 

0/10 

7/0 

0/10 

8/8 

6/10 

43 

9/10 

0/10 

9/10 

0/10 

9/10 

7/10 

430 

10/10 

0/10 

10/10 

0/8 

10/10 

6/10 

4300 

10/10 

0/10 

10/10 

1/8 

10/10 

6/10 

Agglutinin 

titer** 

0 

1:32 

0 

1:32 

0 

1 :32 

Tuble  II.  Effect  of  acute  cold  stress  (2°  C)  on  mortality  of  mice  challenged  with 
Klebsiella  pneumoniae.  Unaccllmatlied  animals  Injected  at  room  temperature,  then 
placed  at  noted  temperatures.  *7  day  mortality  (dead/total).  ••Titer  before  challenge. 


When  temperatures  are  measured  on  mice  grouped  five  per  cage 
and  maintained  at  21°  C,  the  results  shown  in  Figure  11  are  obtained. 
The  rectal  and  upper  respiratory  cavity  temperatures  are  about  the 
same  in  magnitude,  while  the  skin  temperatures  range  about  2°  C  to 
2.5°  C  less.  The  temperature  curves  again  parallel  each  other,  but 
they  do  not  exhibit  any  marked  fluctuations  as  seen  with  mice  main¬ 
tained  singly  or  grouped  at  2°  C.  Essentially,  the  temperatures  of 
the  mice  remained  quite  constant  throughout  the  experiment.  The 
data  charted  in  Figure  12  demonstrate  that  mice  singly  caged  and 
kept  at  21°  C  exhibited  temperature  curves  that  were  almost  identi¬ 
cal  with  those  obtained  with  grouped  mice  maintained  at  the  same 
ambient  temperature. 


Effect  of  Acute  and  Chronic  Exposure  to  Low  Temperatures  on 
Survival  of  Mice  Challenged  with  Klebsiella  Pneumoniae 

Acute  exposure  experiments.  Mice  were  immunized  at  room 
temperature  and  then  were  challenged  with  varying  numbers  of 
IC  pneumoniae.  Immediately  following  this  procedure,  the  mice 
were  transferred  to  an  ambient  temperature  of  2°  C.  The  con- 
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Ambient  Temperatures 

Number  of  21°  C  2°  C  2°  C 

(grouped)  (grouped)  (single) 


Organisms 

normal 

immu¬ 

nized 

normal 

immu¬ 

nized 

normal 

immu¬ 

nized 

5.6 

3/10* 

0/10 

10/10 

0/10 

7/9 

0/10 

56 

4/10 

0/10 

9/9 

1/10 

7/8 

0/10 

560 

10/10 

0/10 

10/10 

2/10 

6/6 

1/10 

5600 

10/10 

0/10 

10/10 

2/10 

9/9 

1/10 

LD50 

(95%  Con¬ 
fidence 
limits) 

56 

(52-59) 

. 

. 

51  x  10* 
(49  x  10  - 

52  x  10“) 

4.1 

(3.8- 

4.4) 

Agglutinin 

titer** 

0 

1:32 

0 

1  :i6 

0 

1 ' 16 

Table  111.  Effect  of  chronic  cold  stress  (2°  C)  on  mortality  of  mice  challenged  with 
Klebsiella  pneumoniae.  Animals  maintained  for  45  days,  and  Immunised  at  noted 
temperatures.  *7  day  mortality  (dead/total). 

trol  groups  of  mice  were  kept  at  21°  C.  The  results  in  Table  II  show 
that  immunization  protected  the  grouped  animals.  In  contrast,  the 
immunization  procedure  was  less  effective  in  mice  singly-caged. 
The  nonchallenged  stress  controls  placed  at  2°  C  did  not  die  when 
grouped,  but  some  (10  per  cent)  did  when  singly  caged,  suggesting 
that  huddling  of  animals  enables  a  more  favorable  outcome  when 
animals  are  ncutely  stressed  by  low  ambient  temperatures. 

Chronic  exposure  experiments.  Two  groups  of  mice  were  placed 
at  2°  C  and  21°  C  for  periods  of  45  days  before  being  immunized.  One 
week  after  the  last  immunizing  injection,  the  mice  were  challenged 
with  varying  numbers  of  viable  K.  pneumoniae.  The  results  in  Table 
III  show'  that  mice  were  significantly  protected  by  the  immunization 
procedure.  The  titer  of  agglutinin  antibody  formed  by  mice  chron¬ 
ically  exposed  to  2°  C  was  comparable  to  that  formed  by  animals 
kept  at  21°  C.  It  is  interesting  that  no  significant  differences  in 
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mortality  of  grouped  or  singly-caged  normal  animals  was  ob¬ 
served.  Immunization  protected  the  counterpart  groups  to  the 
same  extent.  It  can  be  concluded  from  these  results  that  the 
mice  chronically  exposed  to  an  ambient  temperature  of  2°  C 
were  able  to  form  agglutinin  antibody  and  that  the  immuniza¬ 
tion  procedure  offered  significant  protection  against  the  challenge 
organisms.  In  contrast,  the  normal  mice  chronically  exposed 
to  2°  C  were  adversely  affected  by  K.  pneumoniae;  that  is, 
smaller  numbers  of  organisms  caused  increased  mortality  whether 
the  animals  were  grouped  or  caged  individually. 


Effect  of  Acute  and  Chronic  Low  Temperature  Stress  on  Survival 
of  Mice  Challenged  with  Staphylococcus  Aureus 

Four  strains  of  S.  aureus  were  tested  for  their  virulence  for 
mice  via  the  IP  route  in  order  to  determine  which  would  be  the 
most  suitable  for  subsequent  studies.  The  Fritchie  strain  was 

n 

found  to  be  the  most  virulent.  The  LDgQ  was  25  x  10  organisms 
with  95  per  cent  confidence  limits  of  13  x  107  to  47  x  107.  Deaths 
of  animals  challenged  with  one  LD,^  of  the  Fritchie  strain  usually 
occurred  within  5  to  10  hours  after  challenge;  however,  the 
experiments  were  not  terminated  until  7  to  10  days  had  elapsed. 

In  the  acute  exposure  experiments,  mice  were  immunized  at 
21°  C,  Immediately  following  the  IP  challenge,  the  mice  were 
kept  either  at  21°  C  or  transferred  to  2°  C.  The  mice  that  were 
transferred  to  the  low  ambient  temperature  were  caged  either 
in  groups  of  10  animals  or  as  individuals.  The  results  of  a  typical 
experiment  in  Table  IV  show  that  a  dose-response  effect  from 
S.  aureus,  Fritchie  strain,  is  obtainable  whether  mice  are  ex¬ 
posed  to  the  cold  environment  or  kept  at  room  temperature. 
Note  that  immunization  is  effective  in  protecting  the  challenged 
mice  kept  at  21°  C  and  in  groups  at  2°  C;  in  contrast,  immuni¬ 
zation  did  not  afford  protection  to  mice  caged  individually.  Al¬ 
though  not  listed  in  the  table,  non- challenged  cold  stress  con¬ 
trol  mice  oaged  individually  did  not  die  during  the  experimental 
period  (mortality  ratio,  0/10). 

Mice  that  were  chronically  exposed  to  low  ambient  temperatures 
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Ambient  Temperature 

Number  of  21°  C  2°  C  2°  C 


(grouped)  (grouped)  (single) 

Organisms  immu-  immu-  immu- 


normal 

nized 

normal 

nized 

normal 

nized 

1.67 

x  109 

10/10* 

2/10 

10/10 

1/10 

10/10 

8/10 

1.67 

x  10® 

6/10 

0/10 

10/10 

0/10 

10/10 

7/10 

1.67 

x  107 

0/10 

0/10 

0/10 

0/10 

4/10 

1/10 

1.67 

x  106 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

LDC„ 

50 

and 

10  x  107 

- 

- 

- 

3.5  x  107 

6.5  x 
10  7 

95%  (4.9  x  107  (1.2  x  107(1.7  x 

107 


Confidence  to  to  to 

Limits  22  x  107)  9.8  x  107)  24  x 

107) 


Agglutinin 

titer  0  1:32  0  1:32  0  1:32 


Table  IV.  Effeot  of  aoute  oold  (2°  C)  on  mortality  of  mloe  challenged  with  Staphylo- 
ooooua  nureua.  strain  Frltohle.  Unaoollmatlied  animals  Immunised  and  challenged 
at  room  temperature,  then  plaoed  at  noted  temperature*.  *7  day  mortality  (dead/total), 

either  in  groups  or  individually  were  kept  at  this  temperature 
for  21  days.  These  acclimatized  mice  were  immunized  at  this 
temperature  and  were  subsequently  challenged  one  week  after 
the  last  immunizing  injeotion.  Table  V  illustrates  that  the  im¬ 
munization  of  the  animals  kept  at  21°  C  afforded  protection  to 
the  challenged  animals.  However,  immunized  mice  kept  in  groups 
or  individually  at  2°  C  did  not  obtain  the  benefits  of  immuniza¬ 
tion  as  well  as  the  animals  kept  at  21°  C.  In  addition,  the  singly 
caged  animals  at  2°  C  showed  even  less  benefit  from  immuni¬ 
zation  than  did  the  grouped  counterpart  animals  kept  at  the  same 
low  temperature.  As  with  the  K.  pneumoniae  experiments,  agglutinin 
antibody  formation  was  not  Impaired  in  mice  chronically  ex¬ 
posed  to  low  ambient  temperatures,  whether  the  animals  were 
oaged  in  groups  or  individually.  In  contrast  to  the  K.  pneumoniae 
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Ambient  Temperatures 

Number  of  21°  C  2°  C  2°  C 

(grouped)  (grouped)  (single) 


Organisms 

normal 

immu¬ 
nized  normal 

immu¬ 

nized 

normal 

immu¬ 

nized 

1.64  x  109 

7/8* 

4/10  10/10 

6/10 

10/10 

10/10 

1.64  x  108 

7/8 

0/10  5/10 

4/10 

6/10 

7/10 

1.64  x  107 

1/6 

0/10  4/10 

2/10 

3/10 

3/10 

1.64  x  106 

0/7 

0/10  1/10 

2/10 

1/10 

1/10 

LDjq  and  20 

x  106 

50  x  10® 

100  x 
106 

25  x  106 

16  x 
10® 

954  (2. 

0  x  106 

(11  x  106 

(25  x 
106 

(5.5  x 
10® 

(3.2  x 
106 

Confidence 

to 

to 

to 

to 

to 

Limits  200 

x  106) 

225  x  106) 

400  x 
106) 

112  x 
106) 

80  x 
10®) 

Agglutinin 

titer 

0 

1:32  0 

1:16 

0 

1:16 

Table  V.  Effeot  of  ohronlo  oold  stress  (2°  C)  on  mortality  of  mice  challenged  with 
Staohvlooooous  aureus,  strain  Frltohle.  Animals  maintained  for  21  days,  Immunised 
and  challenged  at  noted  temperatures.  *7  day  mortality  (dead/total). 

experiments,  acclimatized  and  immunized  mice,  singly-caged 
or  in  groups,  did  no  better  on  challenge  with  S.  aureus  than 
controls. 

Low  Ambient  Temperatures  and  Specific  and  Nonspecific  Resistance 

Effect  of  acute  exposure  following  one  LD^  challenge  dose. 
The  animals  in  this  experiment  were  maintained  at  21°  C  during 
the  time  of  specific  immunization  or  treatment  with  zymosan 
or  endotoxin.  Following  challenge  with  viable  organisms,  some 
of  the  animals  were  immediately  transferred  to  2°  C;  others 
were  kept  at  21°  C  as  controls.  The  mice  that  were  transferred 
to .  the  cold  room  were  either  kept  in  groups  of  10  or  caged  indi- 
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Temperature 

Treatment 

Mortality  ratios 
(grouped) 

at  14  days 
(single) 

Normal 

8/10 

- 

21°  C 

Immune 

1/10 

- 

Zymosan 

6/10 

“ 

Endotoxin 

9/10 

- 

Normal 

10/10 

8/10 

Immune 

1/10 

4/10 

2°  C 

Zymosan 

8/10 

9/10 

Endotoxin 

7/10 

9/10 

- 

0/10 

1/10 

Tuple  VI.  Effect  of  ucute  cold  (2°  C)  on  mortality  of  mice  challenged  Intrapert- 
tmeally  wtllt  1  LD^'  of  Staphylococcua  aureua, strain  Frltchle.  Unaccllmatlzed  animals 
immunized  or  treated  and  challenged  ut  room  temperature,  then  placed  at  noted  tempera¬ 
tures.  'I  LDjq  of  S.  aureus  »  75  x  I06  organism  per  mouse  as  determined  by  method 
of  Litchfield  and  Wllcoxon  (1949). 


vlduaily.  The  mortality  ratios  that  were  obtained  under  these 
conditions  are  shown  in  Tables  VI  and  VII. 

Table  VI  shows  that  mice  challenged  with  1  LD^q  of  S.  aureus 
are  afforded  protection  when  specifically  immunized  and  kept  in 
groups  of  ten  while  acutely  exposed  to  2°  C.  However,  mice  caged 
as  individuals  are  not  afforded  the  same  degree  of  protection, 
although  resistance  greater  than  that  of  normal  mice  is  evident. 
The  nontreated  acutely  stressed  control  mice  did  not  die  when 
grouped,  and  only  10  per  cent  (1/10)  died  when  caged  singly.  There¬ 
fore,  most  of  the  deaths  that  occurred  may  be  attributed  primarily 
to  the  challenge  of  organisms.  Mice  receiving  zymosan  or  endotoxin 
treatment  prior  to  challenge  did  not  fare  as  well  as  the  specifically 
immunized  animals,  and  the  significance  of  the  difference  in 
mortality  ratios  between  the  normal  and  nonspecifioally  immunized 
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Temperature 

Treatment 

Mortality  ratios 
(grouped) 

at  14  days 
(single) 

Normal 

3/10 

- 

21°  C 

Immune 

0/10 

- 

Zymosan 

0/10 

- 

Endotoxin 

2/9 

- 

Normal 

3/10 

2/10 

Immune 

0/10 

4/10 

2°  C 

Zymosan 

3/10 

4/10 

Endotoxin 

4/10 

7/10 

- 

0/10 

1/10 

Tublo  Vll.  Effect  of  ucute  cold  (2°  C)  on  mortality  of  mice  challenged  intruperi- 
tonenlly  with  1  LDjq*  of  IQebaiella  pneumoniae.  UnaccltmntUed  animals  Immunized 
or  treated  and  challenged  at  room  temperature,  then  plnced  at  noted  lemperntures. 
•I  LDjq  of  K.  pneumoniae  ■  68  organisms  per  mouse  ns  determined  by  method  of 
Litchfield  and  Wtlcoxon  (1949). 


mice  is  not  significant.  It  should  be  mentioned  here  that  mice  kept 
at  21c  C  in  groups  or  caged  singly  did  not  show  any  differences  in 
mortality  ratios  as  determined  by  preliminary  experiments,  and 
therefore  the  results  obtained  with  the  mice  kept  at  21°  C  in  groups 
can  serve  as  controls  for  the  mice  kept  as  individuals  at  2°  C. 

The  results  presented  in  Table  VII  summarize  the  mortality 
ratios  obtained  when  mice  are  subjected  to  acute  cold  stress  fol¬ 
lowing  challenge  with  1  LDgg  of  K.  pneumoniae.  Again,  specific 
immunization  afforded  the  best  protection  against  the  induced  in¬ 
fection  when  mice  were  subjected  to  acute  cold  stress.  However, 
the  mice  kept  in  groups  were  better  protected  than  mice  caged 
individually  and  subjected  to  low  ambient  temperatures.  The  mice 
treated  with  zymosan  and  kept  at  21°  C  showed  no  mortality,  but 
the  mice  receiving  the  same  treatment  and  placed  at  2°  C,  whether 
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Temperature 

Treatment 

Mortality  ratios 
(grouped) 

at  19  days 
(single) 

Normal 

8/10 

- 

21°  C 

Immune 

1/10 

- 

Zymoaan 

6/10 

- 

Endotoxin 

9/10 

- 

Normal 

9/10 

10/10 

Immune 

0/10 

2/10 

2°  C 

Zymosan 

6/10 

8/10 

Endotoxin 

7/10 

7/10 

- 

0/10 

0/10 

Tnblo  VIII.  Effect  of  chronic  cold  stress  (2°  C)  on  mortality  of  mice  challenged 
intrnpcrltoneally  with  1  LDjq’  of  Staphylococcus  aureus, strain  Frltchle.  Animals  main¬ 
tained  for  30  days,  immunized  or  treated  and  challenged  at  noted  temperatures. 
•I  EDjq  of  S.  aureus  ■■  75  x  10®  organisms  per  mouse, 


in  groups  or  singly,  were  not  afforded  this  protection.  The  results 
obtained  with  endotoxin  are  equivocal.  The  mortality  ratio  of  the 
normal  animals  kept  at  21°  C  was  only  30  per  cent  (3/10).  Results 
to  be  presented  later  in  this  paper  deal  with  mortality  ratios  ob¬ 
tained  when  the  challenge  dose  was  increased  to  10  LD,^. 

Effect  of  chronic  exposure  following  one  LDgQ  dose.  The  animals 
in  this  experiment  were  maintained  at  2°  C  for  30  days  in  order  to 
allow  acclimatization  to  the  low  ambient  temperature.  The  animals 
were  specifically  immunized  or  treated  with  zymosan  or  endotoxin 
at  this  low  ambient  temperature.  Following  these  procedures  the 
animals  were  challenged  with  one  LD^  dose  of  S.  aureus  or  K.  pneu¬ 
moniae.  The  results  are  shown  in  Tables  VIII  and  IX. 

The  animals  receiving  the  S.  aureus  challenge  (Table  VIII)  were 
protected  if  they  were  specifically  immunized.  Such  protection 
occurred  without  regard  to  whether  the  mice  were  caged  in  groups 
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Temperatures 

Treatment 

Mortality  ratios 
(grouped) 

at  14  days 
(single) 

Normal 

3/10 

- 

21°  C 

Immune 

0/10 

- 

Zymosan 

0/10 

Endotoxin 

2/9 

- 

Normal 

4/10 

6/10 

Immune 

0/10 

2/10 

2°  C 

Zymosan 

0/10 

9/10 

Endotoxin 

9/10 

7/10 

- 

0/10 

0/10 

Tublo  IX.  Effect  of  chronic  cold  stress  (2°  C)  on  mortality  of  mice  challenged  Intra- 
pcrltonoully  with  1  of  Klebsiella  pneumoniae.  Animals  maintained  for  30  days, 

Immunized  or  trentod  and  challenged  at  noted  temperatures.  •!  LDjq  of  K.  pneumoniae  = 
68  organisms  per  mouse. 

or  as  individuals.  The  nonspecific  immunization  treatment  did  not 
result  In  significant  protection  compared  to  the  controls  or  to  the 
specifically  immunized  animals.  The  mortality  ratio  of  the  zymosan 
treated  animals  compared  to  the  endotoxin  treated  animals  is  not 
significantly  different.  When  comparing  mortality  results  of  animals 
that  are  acclimatized  versus  the  acutely  cold  stressed  animals 
(Table  VI  vs.  Table  VIII),  note  that  the  acclimatized  animals  that 
are  specifically  immunized  did  well  grouped  or  caged  individually. 
In  contrast,  the  acutely  cold  stressed  singly- caged  mice  were  not 
benefited  by  specific  immunization  to  the  extent  noted  for  the  acutely 
stressed  mice  caged  in  groups. 

When  the  cold  acclimatized  mice  were  challenged  with  one 
LDgQ  of  K.  pneumoniae  (Table  IX),  both  specific  immunization  and 
zymosan  treatment  were  beneficial  to  animals  kept  at  21°  C  or  in 
groups  at  2°  C.  However,  protective  effects  of  endotoxin  were 
not  apparent  under  these  conditions.  When  animals  that  have  been 


177 


MIYA,  MARCUS  AND  PHELPS 


Temperature 

Treatment 

Mortality  ratios  at  14  days 
(grouped) 

Normal 

10/10 

21°  C 

Immune 

0/10 

Zymosan 

9/10 

Endotoxin 

10/10 

Normal 

10/10 

Immune 

0/10 

2°  C 

Zymosan 

9/10 

Endotoxin 

10/10 

- 

0/10 

Tublu  X.  Kffvct  ol  ucute  cold  stress  (2°  C)  on  mortality  of  mice  challenged  intra- 
pentoneally  with  lo  1.1)50"  Staphylococcus  aureus,  strain  Frltchle.  Unncollmntlzecl 
animals  immunized  or  treated  anil  challenged  at  room  temperature,  then  placed  at 
noted  temperatures.  ’10  LDjjq  of  S.  aureus  »  50  x  I08  organisms  per  mouse. 


acutely  cold  stressed  are  compared  to  acclimatized  animals,  the 
latter  do  better  than  the  former  following  challenge.  It  appears 
that  zymosan  may  benefit  the  challenged  host  in  the  animals  kept 
in  groups  under  conditions  of  chronic  cold  stress,  but  not  under 
conditions  of  acute  cold  stress.  This  protective  effect  of  zymosan  is 
not  apparent  in  acclimatized  animals  caged  singly.  Again,  some  re¬ 
servation  in  conclusions  is  warranted  because  of  the  low  mortality 
ratio  of  the  mice  kept  at  21°  C  following  the  one  LD^  challenge  dose. 

Effects  of  acute  exposure  following  larger  challenge  dose.  The 
specifically  or  nonspecifically  treated  animals  in  this  experiment 
were  maintained  and  challenged  at  room  temperature.  Following  this, 
the  animals  were  immediately  transferred  to  2°  Cor  kept  at  21°  C  as 
controls.  The  challenge  dose  was  increased  by  several  orders  of 
magnitude  over  that  In  the  previous  experiments  in  order  to  obtain 
more  definitive  results  concerning  the  efficacy  of  nonspecific  versus 
specific  resistance  to  disease.  The  animals  were  caged  in  groups  of 
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Temperature 


21°  C 


Mortality  ratio#  at  14  days 
Treatment  (grouped) 


Normal 

15/20^ 

Immune 

0/20 

— 

Zymosan 

8/20  J 

1 

Endotoxin 

11/19 

J 

P(x2) 


0.05  -  0.02 


0.3  -  0.2 


0.5  -  0.3 


Normal 

Immune 

2°  C  Zymoean 
Endotoxin 


17/20 

0/20 

9/20 _ I 

14/20 

0/10 


0.02  -  0.01 
-0.3  -  0.2 
■0.2  -  0.1 


Table  XI.  Effect  of  acute  cold  stress  (2°  C)  on  mortality  of  mice  challenged  intra- 
pcntonuully  with  10  I.D50*  °f  Klebsiella  pneumoniae.  UnaccUm.ttiy.ed  animals  immunized 
or  treated  and  challenged  at  room  temperatures,  then  placed  at  noted  temperatures. 
•10  LUqq  “  1000  organisms  per  mouse. 

ten.  The  results  are  shown  in  Tables  X  and  XI.  Table  X  shows  that 
mice  specifically  immunized  to  the  challenge  agent,  S.  aureus,  were 
significantly  protected  even  though  acutely  exposed  to  2°  C.  The 
mortality  ratios  of  mice  treated  with  zymosan  or  endotoxin  prior  to 
challenge  was  considerably  increased  over  the  specifically  immu¬ 
nized  group.  The  results  indicate  that  the  increased  resistance  af¬ 
forded  mice  by  specific  immunization  was  not  depressed  by  acute 
exposure  of  the  animals  to  2°  C.  The  resistance  induced,  then,  ap¬ 
peared  to  be  temperature  independent.  There  were  no  singly-caged 
animals  in  this  experiment,  since  it  was  apparent  from  prior  re¬ 
sults  that  grouping  afforded  maximal  protection  even  in  groups  with 
as  few  as  three  animals. 

In  Table  XI  are  summarized  the  results  of  acute  cold  stress  of 
specifically  and  nonspecifically  immunized  animals  challenged  with 
ten  LDgg's  of  K,  pneumoniae.  By  increasing  both  the  animal  group 
size  and  challenge  inoculum  dose,  we  felt  that  the  data  obtained  would 
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Temperature 

Treatment 

Mortality  ratios  at  lb  days 
(grouped) 

Normal 

10/10 

Immune 

0/10 

21°  C 

Zymosan 

9/10 

Endotoxin 

10/10 

Normal 

10/10 

Immune 

1/10 

2°  C 

Zymosan 

10/10 

Endotoxin 

10/10 

- 

0/10 

Tublc  XII.  EUect  of  chronic  cold  stress  (2°  C)  on  mortality  of  mice  challenged 
intrupcrilonoally  with  10  LUjq*  of  Staphylococcus  aureus,  strain  Frllchle.  Animals 
maintained  for  00  iluys,  immunized  or  treated  and  challenged  at  noted  temperatures. 
•10  L. IJ50  of  S.  aureus  »  50  x  10®  organisms  per  mouse. 

represent  definitive  results  concerning  whether  nonspecific  immun¬ 
ization  procedures  were  as  efficacious  as  specific  immunization  pro¬ 
cedures.  And  once  more,  specific  immunization  offered  the  greatest 
resistance  to  experimental  disease.  This  increased  resistance  was 
not  affected  by  acute  exposure  to  2°  C.  The  extent  of  protection  af¬ 
forded  the  animals  by  treatment  with  zymosan  or  endotoxin  did  not 
approach  that  afforded  by  specific  immunization.  By  comparing  the 
mortality  ratio  of  the  control  animals  with  that  of  the  zymosan 
treated  animals,  a  probability  value  of  significance  is  obtained.  This 
significant  degree  of  protection  was  independent  of  acute  cold  ex¬ 
posure.  No  significant  differences  in  mortality  ratios  were  noted  be¬ 
tween  control  animals  and  endotoxin  treated  animals. 

Effect  of  chronic  exposure  following  largerdoses.  Animals  in  this 
experiment  were  maintained  at  2°  C  for  30  days  to  allow  acclimati¬ 
zation.  The  animals  were  specifically  or  nonspecifically  immunized 
at  this  low  anibienttemperature,  and  were  caged  in  groups  of  10.  The 
challenge  dose  was  increased  to  several  LD^'s  in  order  to  obtain 
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Temperature 

Treatment 

Mortality  ratios  at  It  days 
(grouped) 

Normal 

10/10 

2io  c 

Immune 

0/10 

Zymoaan 

3/10 

Endotoxin 

8/10 

Normal 

10/10 

Immune 

0/10 

2°  C 

Zymosan 

1/10 

Endotoxin 

10/10 

- 

0/10 

Table  XIII.  Effeot  of  chronlo  cold  itreis  (2°  C)  on  mortality  of  mice  challenged  Intra- 
perltoneally  with  10  LD^*  of  Klebalella  pneumoniae.  Animate  maintained  for  30  days. 
Immunised  or  treated  and  ohallenged  at  noted  temperaturea.  *10  LDjg  of  K.  pneumoniae  « 
1000  organisms  per  mouse. 

more  definitive  results  concerning  the  efficacy  of  specific  and  non¬ 
specific  immunization  under  these  conditions.  Table  XII  shows  the 
results  obtained  for  animals  challenged  with  S.  aureus ,  and  it  is  evi¬ 
dent  that  chronic  cold  stress  did  not  interfere  with  specific  immune 
processes.  Specifically  immunized  animals  were  significantly  pro¬ 
tected  against  parenterally  induced  disease  even  when  exposed  to 
challenge  doses  as  high  as  10  LD^q 's.  There  was  no  protection  af¬ 
forded  the  animals  pretreated  with  zymosan  or  endotoxin.  It  should 
be  mentioned  here  that  the  strain  of  S.  aureus  employed  caused  the 
deaths  of  the  animals  within  24  hours  post- challenge.  Those  animals 
surviving  the  first  24  hours  usually  did  not  die  subsequently.  There¬ 
fore,  the  experiments  were  terminated  at  14  days. 

Table  XIII  shows  the  results  of  chronically  cold  exposed  animals 
challenged  with  K.  pneumoniae.  Again,  as  noted  in  experiments  al¬ 
ready  described,  the  specifically  immunized  animals  were  signifi¬ 
cantly  protected  against  thetenLDgg  challenge.  Endotoxintreatment 
yielded  no  protection  to  the  mice.  In  contrast,  the  zymosan  treated 
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animals  had  only  1  death  in  10  at  2°  C  and  only  3  deaths  in  10  at 
21°  C.  The  results  obtained  with  zymosan  pretreatment  are  quite 
similar  to  those  obtained  with  mice  acutely  cold  stressed  following 
challenge  with  K.  pneumoniae.  This  would  suggest  that  the  mech¬ 
anisms  whereby  zymosan  acts  to  increase  resistance  to  experi¬ 
mental  disease  is  independent  of  acute  or  chronic  exposure  at  2°  C. 


Viruses 


Coxsaclde  virus  infections  are  manifest  in  different  organ 
systems  in  infant  mice,  but  not  in  adult  mice  (Dalldorf,  19  50 ; 
Pappenheimer,  Kunz,  and  Richardson,  1951;  Boring,  Angevine,  and 
Wulker,  1955),  Since  the  morbidity  and  mortality  properties  of  the 
Coxsackie  strains  obtained  for  these  experiments  was  not  known, 
preliminary  experiments  were  designed  to  select  the  strain  most 
suitable  for  experiments  with  adult  mice,  and  the  results  of  this 
screening  procedure  are  summarized  in  Table  XIV,  which  shows 
that  challenge  with  Type  B-3  Coxsackie  virus  caused  mortality 
whether  mice  were  kept  at  2°  C  or  21°  C.  The  University  of  Utah 
Type  B-l  strain  caused  4  deaths  in  4  at  2°  C  and  1  death  in  4  at 
21°  C,  whereas  the  Connecticut  5strainofType  B-l  caused  2  deaths 
in  4  at  2°  C  and  zero  deaths  in  4  at  21°  C.  Since  the  experimental 
program  as  planned  required  a  viral  agentthat  would  cause  death  of 
challenged  animals  at  one  temperature  but  not  at  the  other,  it  was 
decided  that  the  Type  B-l  virus  strain  would  be  further  screened 
with  respect  to  mortality  enhancement.  The  results  shown  in  Table 
XV  point  out  that  neitlicr  viral  agentcaused  mortality  in  mice  kept  at 
21°  C;  however,  a  significantdifference  in  mortality  ratios  is  seen  in 
mice  kept  at  2°  C.  The  University  of  Utah  Type  B-l  Coxsackie  virus 
strain  was  chosen  as  the  subsequent  experimental  agent. 

in  the  first  definitive  experiment,  mice  were  acclimatized  at  2°  C 
for  40  days  prior  to  challenge.  The  animals  were  to  be  compared 
with  unacclimatized  animals  and  control  animals  kept  at  21°  C.  The 
mice  were  randomly  segregated  into  groups  often  prior  to  challenge. 
Mice  were  pretreated  with  either  zymosan  or  endotoxin. In  addition 
a  third  group  was  given  formalin  killed  virus  7  days  prior  to 
challenge.  Unacclimatized  mice  were  kept,  treated,  challenged  at 
21°  C,  and  then  placed  at  2°  C.  The  protocol  and  results  are 
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Virus  Strain  Mortality  ratios  at  14  days*** 


2°  C 

21° 

B-l* 

4/4 

1/4 

B-2* 

1/4 

0/4 

B-3* 

4/4 

3/4 

B-4* 

1/4 

0/4 

B-5* 

1/4 

0/4 

B-l  (Conn.  5)** 

2/4 

0/4 

Cold  Control 

0/4 

lablo  XIV.  Comparison  of  .liffnrnt  T>|k  H  Coxsackie  virus  strains  on  morialn\ 
pnxluctiun  in  uiMcclim.iti/.ta«l  .ulull  mice.  •  Umvrrsit)  of  Utah,  Depart ment  of  Micro- 
biulug)  Slock  Strains.  uiu*»l  from  Mr.  M.  L.  Walker.  •••All  challenge  doses 

approximate!)  5  \  10 ^  PFl'  i.  p. 


Virus 

Mortality  ratios 

at  14  days* 

2°  C 

21°  C 

University  of  Utah,  B-l 

19/20 

0/20 

Conn.  5,  B-l 

9/20 

0/20 

Table  XV.  Mortality  ratios  of  unnccllmatized  adult  mice  challenged  with  Type  B-l 
Coxsnckio  virus.  •Challenge  dose  ■  5  x  104  PFU  i,  p. 
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Temperature 

Treatment 

Mortality  ratio*  at  7  days 

21°  C 

Normal 

0/10 

Immunized 

0/10 

Zymosan 

0/10 

Endotoxin 

1/9 

2°  C 

Normal 

7/10 

(Unacclima¬ 

tized) 

Immunized 

0/10 

Zymosan 

3/10 

Endotoxin 

8/8 

Cold  Control 

0/10 

2°  C 

Normal 

0/10 

(Acclimatized) 

Immunized 

0/10 

Zymosan 

2/10 

Endotoxin 

3/10 

Cold  Control 

0/10 

Tabic  XVI.  Effect  of  apeciflc  and  nonspecific  Immunisation  on  resistance  of  adult 
mice  challenged  with  Typo  B-i  Coxsacklo  virus  Intraperltoneally.  Challenge  •  10  x 
10  ••  PFC. 

summarized  in  Table  XVI.  The  mortality  ratios  were  taken  only  for 
7  days  post-challenge  because  the  mice  were  inadvertently  not  fed 
one  weekend,  and  most  of  the  animals  in  the  cold  died,  presumably 
from  starvation.  However,  it  is  of  interesttobriefly  analyze  the  re¬ 
sults  obtained.  It  is  seen  that  the  virus  only  caused  one  death  in  39 
mice  kept  at  21°  C.  This  death  occurred  in  the  animals  receiving 
endotoxin.  It  is  also  seen  that  unacclimatized  mice  did  not  fare  as 
well  as  acclimatized  mice  and,  in  general,  exposure  to  2°  C  de¬ 
creased  the  host's  ability  to  withstand  Coxsackievirus  challenge.  Of 
special  interest  is  the  indication  that  acclimatized  mice  seemed  to 
withstand  the  Type  B-l  Coxsackie  virus  challenge  that  was  detri¬ 
mental  to  unacclimatized  mice,  although  specific  immunization 
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Temperature 

Treatment 

Mortality  ratio*  at  14  days 

21°  C 

Normal 

0/20 

Immunized 

0/20 

Zymosan 

0/20 

Endotoxin 

3/20 

2°  C 

Normal 

15/20 

(Unacclima¬ 

tized) 

Immunized 

0/20 

Zymosan 

8/20 

Endotoxin 

20/20 

Cold  Control 

0/20 

2°  C 

Normal 

1/20 

(Acclimatized) 

Immunized 

0/20 

Zymosan 

4/20 

Endotoxin 

7/20 

Cold  Control 

0/20 

Table  XVII,  Caxsackle  B-l  Infection  mortality  In  adult  mice.  Challenge  - 10  x  10* 
PFU  Intraperltonoally. 


procedures  protected  the  animals  under  these  conditions.  With  the 
doses  and  routes  of  administration  employed  in  this  experiment,  zy¬ 
mosan  and  endotoxindid  not  enhance  host  resistance  to  viral  disease. 

Although  most  deaths  of  animals  in  the  preliminary  experiment 
occurred  between  4  and  7  days  post- challenge  and  probably  the  re¬ 
sults  of  the  firstdefinitive  experiments  were  valid  at  7  days,  further 
investigation  was  required  in  order  to  see  if  acclimatization  was 
beneficial  to  the  challenged  animals.  Therefore,  a  repeat  experiment 
of  the  same  design  was  completed,  but  larger  groups  of  mice  were 
employed.  The  animals  kept  at  2°  C  were  supplied  with  adequate 
amounts  of  food  and  water  to  rule  out  nutritional  factors  that  might 
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confuse  the  analysis  of  data.  The  results  of  the  experiment  are  shown 
in  Table  XVII.  The  majority  of  deaths  occurred  between  4  and  6  days 
post-challenge;  no  deaths  of  animals  occurred  after  10  days  following 
challenge.  Again,  acclimatization  at  2°  C  for  40  days  resulted  in 
mortality  ratios  similar  to  those  observed  in  the  animals  kept  at 
21°  C.  Unacclimatized  mice  had  increased  mortality  ratios  in  all 
treated  groups  compared  to  the  21°  C  control  mice  except  in  the  im¬ 
munized  groups.  Zymosan  appeared  to  give  greater  protection  than 
endotoxin;  in  fact,  the  20  out  of  20  deaths  in  the  endotoxin  group 
occurred  by  thefourthpost-challengeday.Ifthemice  were  acclima¬ 
tized  and  treated  with  endotoxin,  only  7  i n  20  deaths  occurred.  Thus, 
it  would  appear  that  acclimatization  enhances  host  resistance  to 
challenge  in  addition  to  decreasing  the  increased  mortality  ratios  in 
the  groups  treated  with  endotoxin.  The  value  of  specific  immunization 
is  apparent  in  the  unacclimatized  mice. 


Low  Ambient  Temperature  and  Ehrlich  Ascites  Tumor 

The  effect  of  temperature  on  neoplasticdiseases  has  been  studied 
by  various  investigators  (Fay  and  Henny,  1938;Smithand  Fay,  1939; 
Bischoff  and  Long,  1939;  Wallace  et  al.,  1944;  Fuller  et  al.,  1941; 
Goidfeder,  1941;  Wallace  et  al.,  1942;  Tannenbaum  and  Silverstone, 
1949;  Griffiths  et  al.,  1961).  Effects  on  the  tumor  take,  incidence  of 
spontaneous  tumor  formation,  growth,  or  regression  were  noted  as  a 
result  of  high  or  low  ambient  temperatures,  but  no  consistent  effects 
have  been  noted.  In  this  respect,  the  effect  of  temperature  on  neo¬ 
plastic  disease  becomes  as  complicated  as  that  observed  with  regard 
to  bacterial  or  viral  disease. 

Since  the  Ehrlich  ascite  tumor  produces  certain  effects  in  mice 
similar  to  infectious  disease,  for  example,  rapidly  progressive 
disease,  it  was  chosen  as  a  model  to  study  the  effect  of  cold  stress 
on  the  disease  process.  Mice  were  exposed  in  the  cold  room  in  large 
animal  cages  containing  50  mice  and  acclimatized  to  this  tempera¬ 
ture  for  45  days.  Two  days  prior  to  challenge  the  mice  were  caged 
in  groups  of  six.  The  mice  were  given  unlimited  amounts  of  Purina 
mouse  chow  and  tap  water.  Mice  kept  at  room  temperature  were 
randomly  separated  into  groups  of  12. 
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Inoculation  Mortality  Ratios 

Route  Dose  2°  C  21°  C 


s.  c.* 

1014 

4/12*** 

6/12 

10  5 

7/12 

9/12 

5  x  105 

9/12 

9/12 

I.  p.** 

10 

4/12 

6/12 

100 

7/12 

8/12 

1000 

11/12 

12/12 

Table  XVlIl.  Mortality  ratio  o t  acolimaUied  mice  kept  at  2U  C  and  Inoculated  with 
Ehrlloh  Aaoltea  tumor  oells.  •Subcutaneous  Challenge.  ••Intraperltoneal  Challenge. 
•••Dead  /Total. 


Ehrlich  asciteB  tumor  cells  were  kept  in  a  stock  suspension  and 
occasionally  were  passed  intraperitoneally  into  mice.  The  tumor 
cells  were  harvested  and  washed  three  times  with  Hank's  balanced 
salt  solution  (BSS).  The  cells  were  suspended  in  Hank's  BSS,  and 
viable  cells  were  counted  in  the  hemocytometer  using  a  0 .0  5  per 
cent  solution  of  eosin  as  diluent.  Stained  cells  were  considered  non- 
viable.  The  cells  were  then  diluted  to  the  desired  concentration  in 
the  same  medium. 

Subcutaneous  challenge.  The  challenge  inocula  were  prepared  as 
described  and  adjusted  to  contain  10^,  10®,  and  5  x  10®  tumor  cells 
per  0.5  ml.  The  cells  were  injected  into  the  nuchal  region.  The  ex¬ 
periment  was  terminated  90  days  after  inoculation  of  the  cells.  Low 
ambient  temperatures  as  shown  in  Table  XVIII  did  not  significantly 
affect  the  final  mortality  ratios,  regardless  of  the  inoculum  size. 
However,  when  animal  mortality  is  plotted  as  a  function  of  time,  a 
significant  delay  in  mortality  is  seen  (Fig.  13).  The  effect  is  most 
pronounced  in  the  highest  challenge  doses  while  a  graded  diminished 
effect  is  evident  in  the  lower  doses. 

Intraperltoneal  challenge.  The  challenge  inocula  were  prepared  as 
described  and  adjusted  to  contain  10,  100,  and  1000  tumor  cells  per 
0.5  ml.  The  acclimatized  mice  were  challenged  intraperitoneally, 
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and  the  mortality  of  the  animals  was  followed  for  90  days  after 
challenge.  The  results  In  Table  XVIII  show  that  again  low  ambient 
temperatures  did  not  influence  the  final  mortality  ratios  regardless 
of  challenge  dose.  However,  when  mortality  is  plotted  as  a  function 
of  time,  a  significant  delay  in  mortality  again  is  seen  (Fig.  14).  This 
delay  in  mortality  is  most  pronounced  in  the  animals  receiving  the 
highest  challenge  dose.  At  lower  challenge  doseB,  the  mice  died 
more  rapidly  when  kept  at  2°  C  than  when  kept  at  21°  C. 


DISCUSSION 


At  the  onset  of  this  investigation,  it  was  felt  that  knowledge  of  the 
metabolio  behavior  of  the  bacterial  challenge  agents  was  important 
in  order  to  assess  properly  any  subsequent  data  obtained  when 
these  agents  were  employed.  The  experimental  results  indicated 
that  temperatures  lower  than  37°  C  affected  the  oxygen  uptake 
but  not  the  generation  time  of  the  organisms.  The  only  apparent 
effeot  of  lowered  temperatures  employed  was  to  increase  the 
lag  phase. 

Along  with  the  above  information,  the  necessity  to  determine 
the  effect  of  low  ambient  temperatures  on  the  body  temperature  of 
the  mice  used  in  our  experimental  set-up  became  apparent.  As  a 
first  approximation,  we  assumed  that  if  the  body  temperature 
changed  as  a  result  of  cold  exposure,  then  the  change  could  directly 
influence  the  course  of  the  experimental  disease  by  enhancing  or 
depressing  the  ability  of  the  organisms  to  grow  and  develop.  Our 
results  showed  that  the  rectal  temperature  of  mice  exposed  to 
2°  C  fluctuated  within  the  first  24  hour  period  of  cold  exposure, 
but  stabilized  thereafter  at  a  temperature  1°  C  to  2°  C  higher  than 
mice  kept  at  room  temperature.  The  fluctuation  was  more  pro¬ 
nounced  in  mice  caged  singly  as  compared  to  those  caged  in  groups 
of  five.  In  contrast,  Walker  and  Boring  (1958)  showed  that  rectal 
temperatures  of  mice  exposed  to  4°  C  decreased  approximately 
1°  C.  The  differences  between  results  of  the  two  groups  reporting 
might  be  ascribed  to  a  significant  technical  detail;  that  is,  we  in- 
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sorted  the  probe  uniformly  2  cm  into  the  rectum,  whereas  Walker 
and  Boring  inserted  the  probe  only  1  cm. 

In  spite  of  the  differences  in  results  of  these  two  groups  with 
regard  to  the  increase  or  decrease  in  the  body  temperature  of  mice 
as  a  result  of  cold  exposure,  the  degree  of  change  was  not  outside 
the  range  compatible  for  optimal  growth  and  development  of  the 
organisms  employed  for  parenteral  challenge.  Therefore,  we  felt 
that  any  changes  in  susceptibility  or  resistance  to  disease  could 
now  be  ascribed  to  factors  other  than  that  related  to  core  tempera¬ 
ture  per  se. 

The  fact  that  the  K.  pneumoniae  isolated  from  animals  maintained 
at  2°  C  did  not  vary  in  virulence  as  compared  to  the  same  organism 
isolated  from  mice  maintained  at  21°  C  led  us  to  conclude  that  this 
organism  could  be  used  with  confidence  as  a  challenge  agent  to  ob¬ 
tain  the  desired  mortality  ratios  when  given  to  mice  kept  at  21°  C  or 
2°  C.  The  observation  that  the  Isolate  from  mice  maintained  at  2°  C 
would  grow  equally  well  at  Incubation  temperatures  of  37°  C  or  32°  C 
requiring  only  one- half  the  oxygen  used  at  32°  C  suggests  that  these 
organisms  are  more  metabolically  efficient  in  contrast  to  organisms 
isolated  from  animals  maintained  at  21°  C  and  grown  under  the  same 
conditions.  This  deserves  further  investigation. 

In  general,  specific  Immunisation  protected  significantly,  whereas 
nonspecific  substances  which  have  been  used  to  increase  resistance 
(zymosan  and  endotoxin)  did  not  afford  the  same  degree  of  pro¬ 
tection  when  the  challenged  animals  were  exposed  to  2°  C  either  as 
acclimatized  or  unacclimatized  mice.  This  was  true  whether  the 
challenge  agent  was  K.  pneumoniae,  S.  aureus,  or  the  B-l  strain 
of  Coxsackie  virus. 

The  increased  resistance  afforded  by  immunization  was  maximal 
when  mice  were  exposed  to  low  ambient  temperatures  in  groups. 
Mice  that  were  caged  individually  did  not  fare  so  well.  Since  the  core 
temperatures  of  mice  caged  individually  or  in  groups  equilibrated 
within  24  hours  of  low  temperature  exposure,  one  cannot  validly 
state  that  loss  of  body  heat  is  a  contributing  factor  to  lessened  re¬ 
sistance.  However,  it  might  be  hypothesized  that  the  metabolic  rate 
of  individually  caged  mice  is  increased  over  that  of  grouped  animals, 
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since  there  Is  opportunity  for  greater  heat  loss  and  this  increased 
metabolism  is  sufficient  to  result  in  the  same  end  body  tempera¬ 
ture.  Further,  this  increased  metabolic  rate  resulting  from  the  low 
temperature  stress  might  eventually  lead  to  exhaustion  of  body  re¬ 
serves  and  subsequent  death  (Selye,  1950). 

Another  possibility  to  account  for  variations  in  results  is  a 
psychological  factor.  Since  immunized  non- challenged  mice  are  able 
to  survive  low  ambient  temperatures  when  caged  individually  but 
not  when  challenged  with  an  infectious  disease  agent  and  main¬ 
tained  individually  at  low  ambient  temperatures,  one  must  speculate 
concerning  the  extent  that  the  factor  of  isolation  contributes  to  in¬ 
creased  mortality  observed.  Psychological  factors  cannot  be  dis¬ 
regarded  in  assessing  this  problem. 

In  some  instances,  zymosan  or  endotoxin  treatment  resulted  in 
increased  mortality  ratios.  This  was  noted  consistently  when  the 
challenge  agent  was  K.  pneumoniae  or  the  strain  of  Coxsaclde  virus, 
but  not  as  apparent  when  S.  aureus  was  used.  This  paradox,  if  real, 
requires  further  investigation,  since  nonspecific  immunizing  agents 
are  known  either  to  enhance  or  depress  resistance  depending  on  the 
time  of  administration;  yet  our  observations  suggest  that  the  dosage 
and  administration  time  optimal  for  a  given  ambient  temperature 
may  not  be  optimal  for  another  ambient  temperature. 

The  relationship  of  zymosan  to  properdin,  shown  to  exist  by 
Pillemer  et  al.  (1956),  deserves  attention  with  regard  to  speculation 
concerning  the  extent  the  properdin  system  plays  in  the  observed 
results  with  zymosan  in  our  experiments.  The  dosage  of  9  mgm  sub¬ 
cutaneously  is  in  excess  of  that  reported  by  Ross  (1956)  to  stimulate 
increases  in  properdin  levels  in  mice.  Ross  injected  the  material 
Intravenously,  and  the  colloidal  nature  of  zymosan  certainly  would 
limit  the  amount  employed  in  order  to  avoid  pulmonary  embolic 
complications.  Recently,  Iakovleva  and  Remezov  (1960)  reported 
that  mice  exposed  to  the  cold  have  greater  than  normal  levels  of 
properdin  72  hours  post- exposure.  The  properdin  level  increasing 
action  of  zymosan  added  to  the  levels  obtainable  by  cold  exposure 
should  insure  mice  of  a  high  properdin  level.  However,  since  the 
serum  of  mice  lacks  complement  components  (Rice  and  Crowson, 
1950)  and  has  been  shown  to  be  devoid  of  bactericidal  activity 
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(Marcus,  Esplin  and  Donaldson,  1954),  it  seems  unlikely  that  the 
properdin  system  is  contributing  much  to  the  natural  defenses  of  the 
mouse  (Mlya,  Marcus,  and  Perkins,  1960). 

Results  of  our  experiments  indicate  that  mice  chronically  ex¬ 
posed  to  cold  are  able  to  form  agglutinin  antibody.  Trapani  (1960) 
reported  that  cold  exposed  rabbits  were  able  to  form  antibody  al¬ 
most  as  rapidly  as  rabbits  kept  at  room  temperature.  In  contrast, 
Ipsen  (1952)  reported  that  antibody  formation  is  impaired  in  mice 
exposed  to  4°  C.  We  have  not  attempted  to  determine  if  antibody 
formation  is  impaired  by  acute  exposure  to  cold. 

Although  the  results  of  the  Coxsackie  virus  experiments  suggest 
that  acclimatization  will  result  in  a  normal  degree  of  host  resistance 
of  nonimmune  animals  against  challenge  with  this  agent,  the  results 
of  others  are  not  in  agreement.  Walker  and  Boring  (19  58)  reported 
on  experiments  using  a  Connecticut  5  strain  of  Type  B-l  Coxsackie 
virus.  They  observed  that  acute  limited  exposure  to  4°  C  was  in¬ 
sufficient  to  change  the  viral  infection  from  an  asymptomatic  into  a 
lethal  process,  but  that  continued  exposure  for  several  days  did 
accomplish  conversion  to  disseminated  lethal  disease.  They  re¬ 
ported  on  experiments  in  which  adapted  (14 days)  animals  were  em¬ 
ployed,  and  found  that  this  period  of  adaptation  at  4°  C  did  not 
counteract  the  lethal  effects  of  the  virus  disease  at  4°  C.  Mice 
challenged  at  4°  C,  following  acclimatization  and  then  placed  at 
25°  C,  did  not  die.  Therefore,  Walker  and  Boring  concluded  that 
exposure  to  4°  C  caused  a  decrease  in  resistance  of  the  challenged 
animals. 

In  our  experiments  we  have  shown  that  acclimatization  for  40 
days  at  2°  C  is  sufficientfor  the  adult  mice  to  overcome  a  challenge 
dose  that  is  lethal  for  virus  challenged  unacclimatized  mice  re¬ 
placed  in  the  cold  box.  Since  the  adrenal  activity  does  initially  in¬ 
crease  upon  cold  exposure  (Heroux and  Hart,  19 54;Schonbaum,  1960), 
and  since  the  Coxsackie  disease  process  resembled  that  due  to 
cortisone  effects,  Wnlker  and  Boring  (1958)  attempted  to  reproduce 
the  disease  in  mice  at  room  temperature  by  ACTH  injections  follow¬ 
ing  challenge  with  Coxsackie  virus.  They  were  unable  to  detect  any 
decrease  in  resistance  in  mice  treated  inthis  manner.  Although  the 
increased  mortality  correlates  will  with  increased  corticosteroid 
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production  following  cold  exposure,  the  exact  cauBe  and  effect 
relationship  remains  obscure. 

At  present  we  are  investigating  the  possibility  that  the  virus  may 
be  present  but  inactive  as  a  result  of  the  acclimatization,  but  have 
the  potential  to  cause  disease  or  death  if  the  challenged  animal  is 
removed  from  2°  C  to  21°  C.  The  situation  could  be  analogous  to  that 
observed  by  Sulkln  et  al.  (1960)  with  regard  to  bat  rabies  virus. 

A  brief  discussion  of  the  experiments  with  the  mouse  neoplasm  is 
in  order.  Goldfeder  (1941)  reported  that  the  environmental  tempera¬ 
ture  has  a  definite  effect  on  the  growth  rate  but  not  the  viability  of 
subcutaneously  inoculated  tumor  cells.  Our  results  are  similar  in 
this  respect.  Although  a  delay  in  mortality  occurred,  no  significant 
differences  in  the  final  mortality  ratios  were  observed  when  mice 
exposed  to  cold  were  compared  to  mice  challenged  and  kept  at  21°  C. 
An  obvious  working  hypothesis  is  that  the  lowered  skin  temperature 
of  mice  kept  at  2°C  inhibited  tumor  cell  metabolism  until  the  tumor 
cells  became  acclimatized  to  the  lower  temperature.  Once  this 
occurred,  it  may  be  guessed,  the  growth  rate  of  the  acclimatized 
tumor  cells  was  the  same  as  for  the  controls. 

The  same  temperature  effect  may  be  used  to  explain  the  delay  in 
mortality  of  mice  inoculated  intraperitoneally;  that  is,  the  core 
temperature  of  2°  C  exposed  mice  is  about  2°  C  higher  than 
mice  kept  at  21°  C.  This  increased  internal  temperature  may 
either  alter  tumor  cell  metabolism  or  allow  for  selection  of 
tumor  ceils  capable  of  growth  at  the  new  temperature.  Work 
is  continuing  on  this  aspect  of  low  ambient  temperature  and 
host  resistance. 
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SUMMARY 


In  a  series  of  experiments  with  mice,  designed  to  explore  the 
effect  of  low  ambient  temperatures  on  host- parasite  relations,  the 
following  observations  have  been  made: 

1.  The  core  temperature  of  mice  exposed  to  2°  C  stabilized 
within  24  hours  1°  C  to  2°  C  higher  than  that  of  mice  maintained 
at  21°  C. 

2.  The  bacterial  challenge  agents,  K.  pneumoniae  and  S.  aureus, 
were  shown  to  be  capable  of  growth  at  the  core  temperature  fluc¬ 
tuations. 

3.  The  K.  pneumoniae  employed  was  passed  through  and  isolated 
from  mice  maintained  at  2°  C.  This  organism  was  equally  capable 
of  growth  at  incubation  temperatures  of  32°  C  or  37°  C,  although 
the  oxygen  requirements  were  one-half  that  required  at  37°  C. 

4.  Specific  immunization  resulted  in  the  best  protection  when 
compared  to  zymosan  or  endotoxin  treatment. 

5.  Zymosan  and  endotoxin  treatment  often  resulted  in  increased 
mortality  in  mice  exposed  to  2°  C  and  challenged  with  bacterial  or 
viral  agents. 

6.  Grouping  of  mice  exposed  to  2°  C  was  significantly  beneficial 
to  survival  following  challenge  as  compared  to  singly-caged  mice. 

7.  Acclimatization  to  2°  C  resulted  in  equivocal  protection  to 
mice  challenged  with  bacterial  agents  but  was  beneficial  to  mice 
challenged  with  a  Coxsackie  virus  strain. 

8.  Low  ambient  temperatures  influence  the  course  of  Ehrlich 
Ascites  tumor  disease  process  by  retardation  of  mortality  but  do 
not  affect  the  over-all  mortality  ratio. 
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DISCUSSION 


MIRAGLIA:  You  made  a  statement  that  the  rectal  tempera¬ 
ture  of  the  mouse  equilibrates  after  24  hours  and  then  estab¬ 
lishes  a  plateau  that  is  1°  C  higher  than  the  temperature  the 
animal  started  out  with.  We  found  the  same  thing  in  the  first 
24  hour  period,  but  our  plateau  temperature  has  been  approxi¬ 
mately  the  normal  temperature  of  the  mouse,  rather  than  1°  C 
higher.  1  was  wondering  if  a  possible  explanation  of  this  isn't 
the  fact  that  animals,  in  our  experience,  anyway,  lose  their 
tails  and  ears  after  14  to  21  days  in  the  cold,  and  losing  this 
cooling  surface  causes  them  to  have  a  slight  elevation  in  tem¬ 
perature.  1  noticed  in  Figure  3  that  you  kept  your  animals  at 
2°  C  for  30  days.  Do  you  do  this  in  all  of  your  experiments  ? 

MIYA:  Our  acclimatization  period  varies.  At  the  present  time, 
we  are  trying  to  establish  some  criterion  for  acclimatization 
and  experiments  are  being  conducted  at  the  present  time  in 
which  we  are  measuring  the  adrenal  weight  and  animal  weight. 
We  intend  to  do  eosinophil  counts  and  we  have  even  thought  of 
checking  for  stress  lymphocytes;  I  don't  have  any  conclusive 
data  yet,  but  1  feel,  based  on  what  I  have  read  in  the  literature, 
that  if  you  used  approximately  thirty  to  forty  or  sixty  days, 
this  is  considered  in  the  opinion  of  most  people  to  be  an  ade¬ 
quate  acclimatization  period. 

MARCUS:  How  about  the  loss  of  tails  and  ears? 

MIRAGLIA:  Do  your  animals  experience  this?  The  animal 
loses  the  tail  completely,  in  our  experience,  and  I  was  wondering 
whether  your  animals  do  the  same  thing. 

BERRY:  Yours  are  grouped  how? 

MIYA:  Five  or  ten  together;  at  least  five. 

BERRY:  With  bedding? 
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MIYA:  They  have  a  slight  amount  of  sawdust  in  the  cage. 

BERRY:  This  could  make  a  difference. 

MIYA:  Our  singly  caged  mice  are  placed  in  complete  wire 
cages  and  do  not  have  any  bedding. 

MIRAGLIA:  Do  these  mice  lose  their  tails? 

MIYA:  Occasionally  you  will  see  a  singly  caged  mouse  that 
will  lose  its  tail  completely. 

PREV1TE:  Is  your  cage  of  a  standard  size,  or  intentionally 
smaller  because  you  have  only  one  mouse  in  it? 

MIYA:  The  dimensions  are  approximately  4  in.  by  4  in.  by 
7  in.  per  mouse. 

PREVITE:  He  has  plenty  of  room. 

BERRY:  After  these  animals  have  been  acclimatized  at  low 
temperatures  for  forty-five  days,  have  you  subjected  them  to 
an  even  more  acute  exposure,  say,  -20°  C,  in  a  deepfreeze, 
for  example.  Can  they  survive  a  super  stress  longer  than  ani¬ 
mals  that  have  not  been  subjected  to  this  long  period  of  acclima¬ 
tization? 

MIYA:  We  haven't  done  any  experiments  like  that. 

BERRY:  This  might  be  of  value,  because  altitude  exposed 
mice  that  have  "acclimatized"  are  able  to  withstand  a  hypoxic 
level  for  longer  periods  of  time  than  animals  that  have  not  been 
at  simulated  altitudes.  Possibly  these  animals  that  have  been 
maintained  at  a  low  temperature,  say  of  2°  C,  for  some  time, 
may  be  able  to  withstand  more  acute  cold  stress.  If  you  could 
show  something  of  this  type,  I  would  be  a  little  happier  about 
calling  them  acclimatized  to  cold.  Your  results  afford  a  very 
good  argument  for  acclimatization,  because  animals  with  prior 
experience  at  low  temperature  respond  to  challenge  differently 
from  animals  that  have  never  had  a  previous  experience.  One 
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might  be  justified  in  calling  them  acclimatized,  but  are  they 
acclimatized  to  cold?  At  least  they  have  changed  in  such  a  way 
that  their  response  to  infection  is  different. 

BLAIR:  Did  I  understand  you  to  say  that  the  magnitude  of 
reductions  in  oxygen  uptake  of  the  microorganisms  at  32°  C 
was  about  one-half  of  normal? 

MIYA:  One-half  of  that  obtained  at  37°  C. 

BLAIR:  This  is  a  rather  striking  bit  of  information.  It  really 
shakes  me  up  a  bit.  We  humans  fancy  ourselves  as  being  the 
acme  of  biological  development,  and  I  don't  know  whether  I 
am  delighted  or  distressed  to  inform  you  that  for  the  oxygen 
uptake  in  human  beings  at  32°  C,  the  magnitude  of  reduction 
is  exactly  the  same  as  it  is  with  Staphylococcus  aureus ,  so  per¬ 
haps  at  least  with  regard  to  fundamental  metabolism,  we  are 
not  sc  different  from  our  primitive  brethren. 

BERRY:  Don't  be  surprised.  I  think  this  is  a  fundamental 
physiological  fact.  Some  physiologists  here  would  probably  con¬ 
firm  that,  wouldn't  you,  Dr.  Vaughn?  It  is  not  surprising  that 
a  tissue  subjected  to  any  given  temperature  reduction  would 
show  approximately  the  same  metabolic  relationship. 

MIRAGLIA:  Have  you  found  that  the  animals  eat  more  when 
they  are  cold  stressed? 

MIYA:  Yes,  this  was  an  tnadvertant  discovery.  When  we  first 
started  in  this  work,  I  didn't  even  know  if  the  mouse  could  tol¬ 
erate  the  cold,  and  on  Friday,  I  put  mice  in  the  ice  box  and 
threw  them  a  handful  of  food.  On  Monday,  the  mice  were  all 
uniformly  dead,  which  I  didn't  quite  understand.  But  this  was 
the  most  reproducible  thing.  I  noted  that  there  was  no  food  in 
the  cage,  and  then  1  determined  that  they  ate  approximately 
five  times  that  which  they  would  normally  eat  at  room  tempera¬ 
ture. 

MIRAGLIA:  I  am  very  happy  to  hear  this,  because  some¬ 
one  was  wondering  yesterday  if  cold  was  stress  to  the  animal. 
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If  food  intake  is  any  criterion,  they  certainly  are  stressed,  be¬ 
cause  we  have  noticed  the  same  thing. 

SCHMIDT:  In  measuring  the  effect  on  conditioned  organisms, 
you  tested  them  after  intraperitoneal  injection  at  32°  C,  yet 
rectal  temperatures  of  your  mice  have  been  shown  to  be  higher 
than  those  of  the  normal  mouse  after  exposure  to  cold.  I  won¬ 
der  why  it  is  that  you  decided  to  Investigate  the  characteris¬ 
tics  of  these  organisms  at  a  lower  temperature?  Why  not  in¬ 
vestigate  them  at  a  higher  temperature,  because  this  is  indeed 
what  you  have  found  in  the  experimental  system. 

MIYA:  This  was  done  when  we  first  started  into  this  work. 
We  briefly  scanned  the  literature  and  most  of  the  reports  in¬ 
dicated  that  there  was  a  possible  drop  in  rectal  temperatures. 
We  didn't  have  any  suitable  temperature  measuring  equipment 
at  that  time,  so  we  decided  to  approach  the  problem  from  a 
back  door;  to  find  out  what  these  organisms  would  do  at  dif¬ 
ferent  temperatures,  anticipating  this  drop.  However,  we  found 
quite  to  the  contrary  that  the  temperature  elevated. 

SCHMIDT:  You  haven't  had  the  occasion  yet  to  investigate 
the  growth  curves  or  other  characteristics  of  these  organisms 
at  one  or  two  degrees  above  the  normal  rectal  temperature? 

MIYA;  No,  we  haven't. 

REINHARD:  In  the  experiments  on  the  isolates  of  the  "con¬ 
ditioned  bacteria",  how  many  Isolates  did  you  use  from  each 
group  of  mice  for  determination  of  oxygen  uptake? 

MIYA:  These  were  pooled  isolates. 

REINHARD:  How  did  you  pool  them? 

MIYA:  We  killed  the  animals  and  then  opened  up  the  peri¬ 
toneal  cavities  aseptically  and  just  removed  the  exudate. 

NUNGESTER:  Without  plating? 
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MIYA:  Yes,  we  removed  the  peritoneal  exudate,  pooled  the 
samples,  and  reinjected  this  material  into  another  group  of 
animals. 

MARCUS:  And  the  data  shown  from  the  Isolates  would  be  or¬ 
ganisms  from  the  seventh  pool. 

REINHARD:  How  many  determinations  did  you  make  of  the 
oxygen  requirements;  how  many  parallel  experiments  did  you 
run? 

MIYA:  Each  Warburg  flask  was  set  up  in  duplicate,  and  the 
runs  were  done  three  times. 

REINHARD:  Isn't  it  possible  you  could  have  run  into  chance 
variations?  I  would  be  more  comfortable  if  you  said  you  ran 
fifty  determinations. 

MIYA:  I  could  have  shown  a  series  of  curves  that  would  es¬ 
sentially  show  what  I  have  shown  here.  I  chose,  rather  than  to 
confuse  the  issue,  to  show  a  group  of  typical  curves  obtained 
for  any  one  determination. 

REINHARD:  Then  how  did  you  test  these  organisms  after  they 
had  grown  out  again  to  see  whether  they  recaptured  their  ori¬ 
ginal  state  or  whether  they  remained  the  same  in  their  oxygen 
requirements  ? 

MIYA:  I  don't  think  I  quite  understand. 

NUNGESTER:  He  means,  if  they're  carried  along  as  a  pure 
line  culture,  how  long  do  they  retain  this  altered  characteristic? 

MIYA:  After  the  seventh  passage,  we  did  the  oxygen  uptake 
studies  and  we  didn't  do  any  more  after  that.  We  merely  saved 
those  organisms  for  the  challenge  in  subsequent  experiments. 

WALKER:  I'd  Just  like  to  comment  on  this  curious,  inter¬ 
esting  difference  in  the  effect  of  cold  on  various  strains  of  mice 
that  Dr.  Miraglia  mentioned.  In  our  strain  of  Wisconsin  mice, 
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the  body  temperature  is  very  easily  changed,  and  this  isn't  a 
matter  of  how  far  you  insert  the  probe  into  the  rectum.  We  use 
one  centimeter.  We  would  go  further,  but  we  get  a  higher  in¬ 
cidence  of  perforated  colon  and  so  on.  This  difference  among 
mouse  strains  is  fairly  important,  it  seems  to  me,  because  I 
am  prepared  to  propose  that  in  virus  infections,  the  change  in 
body  temperature  is  quite  important,  and  I  am  really  more  im¬ 
pressed  with  the  effect  of  the  temperature  of  the  tissues  than 
with  factors  like  stress.  The  effect  of  cold  on  viral  infections 
has  been  quite  variable,  quite  contradictory,  and  I  wonder  if 
the  differences  among  not  only  species,  but  among  strains  of 
mice  may  not  be  partly  responsible  for  this  variability.  As  Dr, 
Campbell  indicated,  and  as  my  experience  has  been,  too,  you 
can  hardly  change  the  body  temperature  of  a  rabbit,  regard¬ 
less  of  what  you  do.  If  you  do  go  down  low  enough  in  environ¬ 
mental  temperature,  the  temperature  suddenly  begins  to  change 
and  it  goes  right  on  down  and  the  animal  quickly  dies;  but  up 
to  that  point,  you  cannot  really  lower  it.  But  in  our  experience, 
the  mouse  temperature  is  quite  readily  changed.  If  you  raise 
the  environmental  temperature,  you  raise  his  body  temperature. 

MIYA:  If  you  plot  distance  into  the  rectum  on  the  abscissa 
and  the  temperature  on  the  ordinate,  you  notice  almost  a  linear 
relationship. 

MARCUS:  From  two  centimeters  down  to  one? 

MIYA:  Well,  we  took  it  at  .5,  1.0,  1.5,  and  2.0  cm  down, 

PREV1TE:  I  think  this  has  also  been  confirmed  by  Halberg 
and  Spink.*  jn  my  own  experiences,  the  distance  the  probe  was 
inserted  made  a  significant  difference  in  the  rectal  temperature 
recorded. 

MARCUS:  We  have  had  no  difficulty  with  rupturing.  We  haven't 
penetrated  too  many. 


I  Halberg,  F.,  ami  W.  W.  Spink.  1956.  Laboratory  Investigation. 
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PREVITE:  Halberg  and  Spink  advise  23  *  2  mm. 

MIYA:  Our  mice  here  have  been  acutely  exposed  to  cold  with 
the  rectal  probe  at  2  cm  depth,  and  the  temperature  remains 
at  this  level,  but  at  1  cm  depth,  it  falls.  This  is  quite  similar 
to  the  type  of  curves  that  you  obtained. 

WALKER:  I  have  never  measured  body  temperature  over  a 
brief  period  of  time  like  that.  I  have  always  tested  the  amount 
of  time  it  takes  for  the  probe  to  come  to  a  steady  state,  but  I 
have  not  determined  the  temperature  in  the  first  few  hours  af¬ 
ter  exposure. 

BLAIR:  One  final  comment,  if  I  may,  about  the  accuracy  of 
temperature  measurement.  This  problem  has  been  kicked  around, 
of  course,  in  large  animals,  and  it  has  been  demonstrated  that 
the  variations  seem  to  occur  during  the  dynamic  changes  in 
temperature,  but  once  the  temperature  is  stabilized,  it  really 
doesn't  matter  where  you  measure  the  so-called  core  tempera¬ 
ture.  I  can't  speak  for  the  smaller  animal,  but  certainly  in  the 
large  animals  it  does  make  a  difference  of  what  the  point  of  in¬ 
terest  is.  The  changes  occur  physiologically  and  physically  during 
the  actual  changes  of  temperature,  but  once  the  temperature  is 
stabilized,  it  doesn't  really  matter  where  it's  measured. 

WALKER:  Benzinger  finds  considerable  difference  between  rec¬ 
tum  and  esophagus  temperatures,  as  I  recall,  in  the  first  few 
hours,  but  after  that,  it  makes  no  difference. 

BLAIR:  So  it  depends  upon  what  you  are  interested  in  studying. 

WALKER:  I  am  not  quite  clear  as  to  whether  or  not  the  effect 
of  cold  on  Coxsackie  virus  infection  that  you  described  required 
continued  exposure  to  cold  to  get  this  increased  mortality. 

MARCUS:  We  didn't  carry  out  any  experiments  that  discon¬ 
tinued;  In  other  words,  the  animals  were  put  in  tire  cold  and  they 
stayed  to  the  continuation  of  the  experiment,  but  there  was  no 
discontinuous  effect  as  you  studied. 
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WALKER:  I  was  wondering  about  the  difference  between  your 
mice  and  mine  in  readjusting  their  temperatures.  That  em¬ 
phasizes  the  difference  in  mice,  I  believe. 

MARCUS:  Well,  actually  we  are  both  using  albino  Mus  musculus. 

WALKER:  Yes,  but  we  are  using  a  colony  that  we  have  that  is 
originally  derived  from  Webster-Swiss  mice. 

PREV1TE:  Are  your  housing  conditions  the  same? 

WALKER:  Ours  were  in  wire  cages  with  metal  bottoms  and 
no  bedding,  but  with  five  or  six  animals  per  cage. 

PREV1TE:  No  bedding?  I  think  you  mentioned  using  sawdust 
and  something  else.  I  had  a  question  about  rectal  temperatures  in 
acclimatized  mice.  It  rather  intrigues  me  in  that  you  report  the 
rectal  temperatures  ar  1°  C  to  2°  C  higher  40  to  4 5  days  after 
acclimatization. 

MARCUS:  No,  not  45  days.  This  occurred  within  24  hours.  Dr. 
Miya  showed  a  chart  of  the  effect  of  measuring  their  tempera¬ 
tures  as  a  function  of  the  distance  in  the  colon  from  a  depth  of 
2  cm.  He  had  points  of  2.0,  1.5,  1.0,  and  .5  cm  in  the  animal. 

PREV1TE:  Does  this  persist,  this  elevated  temperature,  oris 
it  something  that  is  transient? 

MARCUS:  No,  it  persists  and  remains  fairly  steady. 

PREV1TE:  This  is  what  I  mean.  Once  this  temperature  goes 
up,  it  stays  up. 

MARCUS:  That  is  true,  1°  C  to  2°  C  higher  than  the  normal, 
and  this  is  witli  tire  probe  uniformly  inserted  all  the  time. 

PREV1TE:  Do  you  have  any  possible  explanation?  Why  should 
the  temperature  go  up?  I  have  no  idea  why  it  would  go  up. 

MIYA:  As  you  probably  know,  there  is  a  report,  which  1  be- 
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lleve  Herrington2  wrote  which  showed  that  the  metabolic  rates 
of  mice  increase  llnearily  as  the  ambient  temperature  decreases. 
We  feel  that  under  these  conditions,  the  "thermostat"  has  now 
been  set  at  a  new  higher  level  in  an  attempt  at  maintenance  of 
homeostatic  conditions. 

PREV1TE:  This  animal,  being  a  homeotherm,  would  maintain 
a  constant  body  temperature  regardless  of  the  environmental 
temperature  as  long  as  it  was  able  to. 

TRAPANI:  I  am  curious  about  one  thing:  Is  the  life  span  of 
the  mouse,  or  any  other  animal  for  that  matter,  the  same  under 
these  conditions  of  cold  exposure  as  compared  to  the  room  tem¬ 
peratures?  Our  time  relationships  should  be  weighed  if  the  life 
span  is  different. 

MARCUS:  I  don't  know  what  the  life  span  of  the  mouse  is  if 
you  put  him  in  the  cold. 

PREVITE:  Barnett  and  his  group3 4  have  done  work  on  this. 
They  report  that  mice  may  be  successfully  reared  in  the  cold. 
However,  mice  reared  in  the  cold  survive  longer  without  nesting 
material  than  those  transferred  from  a  warm  room  and  also 
deprived  of  cold.  Selye-*  has  shown  extensive  damage  to  critical 
organs  can  result  from  exposure  of  rats  to  cold. 

MARCUS:  Well,  with  these  experiments  that  have  gone  up  to 
three  months  involving  animals  in  cold,  you  have  discussed  some 
of  tire  modest  changes  that  occur,  at  least  they  seem  modest 
to  me,  in  the  periphery  of  the  animal,  and  1  am  not  aware  of  any 
gross  changes  that  occur,  any  gross  pathology  that  occurs  in  the 
animals  that  are  autopsied  which  could  be  ascribed  to  cold  alone. 
With  regard  to  what  you  said,  though,  a  moment  ago,  about  the 
mouse  being  a  homeothermic  animal  and  you  would  expect  it  to 
maintain  its  temperature  once  it  is  stabilized  at  a  fairly  con- 

2  \m.  J.  Physiol.  129:  129.  1940. 

3  H.irnutt  ct  al.  1959.  lju.tr l,  J.  Exp.  Physiol.  XL1V. 

4  Scl>e,  H.  1943,  Ht»v.  Cnnatl.  Biol.  2. 
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stant  level:  now,  I  think  this  has  been  the  experience  that  you 
have  had,  too. 

PREVITE:  My  experiments  were  much  shorter;  they  were 
carried  out  within  a  day  or  two. 

MARCUS:  Now,  just  a  second.  You  said  in  a  day  or  two.  What 
happened  in  a  day  or  two? 

PREVITE:  My  results  would  agree  in  general  with  those  that 
you  presented  for  the  first  day.  The  only  thing  I  am  puzzled 
about  is  why,  sifter  it  does  stabilize,  does  it  stabilize  itself  at 
a  temperature  2°  C  or  3°  C  higher? 

MARCUS:  It  is  easy  to  guess  about  this.  The  animal  in  the 
cold  is  passing  off  a  lot  of  heat,  and  it  has  to  maintain  its  tem¬ 
perature.  It  eats  five  times  or  more  as  much  as  an  animal  does 
at  room  temperature.  We  never  measured  the  metabolic  rate 
involved,  but  it  may  be  that  it  just  sets  this  whole  mechanism  up. 

V1ERECK:  Maybe  this  would  explain  some  of  the  contradictory 
results.  If  you  put  an  animal  in  the  cold,  it  is  good  and  bad  for 
him  at  the  same  time.  It  is  bad  for  him  if  it  is  a  stress;  con¬ 
sequently,  if  the  animal  is  stressed  by  cold,  he  is  suffering,  and 
Ulus  less  well  able  to  cope  with  other  stresses  such  as  infection; 
and  at  the  same  time,  cold  exposure  could  be  considered  as 
being  good  for  Uie  animal  inasmuch  as  it  does  speed  up  meta¬ 
bolism.  He  is  eating  more,  his  oxygen  consumption  is  higher,  et 
cetera.  Now,  here  is  an  idea:  Maybe  this  general  speeding  up  of 
metabolism  includes  protein  metabolism.  I  don't  know  of  any 
evidence  for  Uiis  one  way  or  anoUier,  other  than  food  intake 
studies.  Now,  if  protein  metabolism  is  speeded  up,  is  it  reason¬ 
able  to  suspect  Uiat  antibody  formation  would  be  coupled  with 
this  and  Uie  synthesis  of  antibodies  would  be  automatically  in 
a  higher  gear  after  the  animal  has  been  in  the  cold  ?  What  do  you 
Uilnk  of  Uiat? 

MARCUS:  I  discussed  Uiis  wiUi  Dr.  Trapani  and  he  pointed 
out  Uiat  Dr.  Whipple,  employing  plasmaphoresis,  showed  that 
there  was  no  protein  Uiat  was  as  metabolically  effective  as  gamma 
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globulin  for  use  as  a  metabolic  thing.  The  point  that  I  am  trying 
to  make  is  that  antibody,  as  such,  is  not  only  a  constituent  of 
gamma  globulin,  but  it  is  a  part  of  a  protein  which  can  be  em¬ 
ployed  by  the  animal  as  a  source  of  amino  acid  for  protein  meta¬ 
bolism  very  nicely;  and  I  am  sure  that  under  these  circumstances, 
the  turnover  rate  of  protein  in  the  animal  is  related  to  antibody 
production;  at  least  I  feel  there  must  be  a  correlation  here; 
however,  I  am  certainly  not  an  authority  in  that  area. 

CAMPBELL:  We  have  shown  that  the  half-life  of  protein  de¬ 
creased  rather  measurably  under  cold.  There  has  been  some 
preliminary  work  done  which  has  been  extremely  interesting 
with  tagged  amino  acidB  and  tagged  gamma  globulin,  and  it  would 
seem,  as  far  as  antibody  protein  goes,  that  in  the  normal  syn¬ 
thesis,  the  body  prefers  amino  acids  to  gamma  globulin.  When 
you  start  immunizing  or  bleeding,  the  body  seems  to  prefer 
gamma  globulin.  So  if  you  label  these  two  things,  in  one  situation, 
the  amino  acids  will  be  incorporated;  in  the  other  case,  the 
gamma  globulin  is  broken  down  and  reincorporated. 

McCLAUGHRY:  In  relation  to  Dr.  Previte's  question  about 
homeothermia,  I  don't  believe  the  temperature  of  a  homeothermic 
animal  is  anywhere  near  as  fixed  as  has  been  discussed  here. 
As  a  matter  of  fact,  Adolf6  showed  that  if  the  conditions  vary 
the  thermostat  may  be  re-set  at  a  slightly  different  level,  per¬ 
haps  1°  C  or  2°  C  from  the  original,  after  acclimatization.  This 
varies  in  different  physiological  regulatory  mechanisms,  and  I 
think  that  this  has  to  be  taken  into  account  in  the  experiment 
that  has  been  reported, 

BERRY:  Dr.  Miraglia  has  some  results  related  to  this  point. 
He  was  given  some  black  mice  from  NIH  and  DBA,  weren't  they? 

MARCUS:  They  have  a  variety  of  types;  DBA,  CBA. 

BERRY:  These  mice  were  placed  at  5°  C.  They  were  all  dead 
within  24  hours.  They  were  completely  unable  to  withstand  this 


5  Am.  J.  Physiol.  166 :  62.  1961. 
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temperature.  We  were  trying  to  compare  mice  of  a  different  genetic 
makeup,  but  were  defeated  in  the  attempt. 

MARCUS:  Didn't  we  have  a  similar  experience  with  some 
dark  mioe? 

MIYA:  We  have  not  used  blaok  mice  in  any  of  our  experiments. 

BERRY:  This  shows  the  same  difference  in  mice  in  a  very 
dramatic  way.  The  other  question  I  have  is  in  regard  to  this 
endotoxin.  You  injected  it  48  hours  before  the  infectious  challenge 
and  within  this  period  of  time,  as  I  recall,  in  some  cases  there 
should  be  an  increase  in  non-specifio  resistance  capable  of  pro¬ 
tecting  them  against  bacterial  challenge. 

MARCUS:  We  chose  that  time  because  it  has  been  subscribed 
to,  and  we  had  the  Bame  results.  There  is  a  very  critical  time 
for  inducing  protection.  You  remember  that  this  time  is  quite 
critioal,  because  if  you  challenge  about  four  hours  after  endo¬ 
toxin  administration  there  is  a  decrease  in  resistance.  Also, 
if  you  wait  much  beyond  three  days,  it  is  all  gone. 

BERRY:  Has  an  increase  in  non-specific  resistance  ever  been 
shown  to  protect  against  a  viral  challenge  under  any  condition? 

MARCUS:  Not  that  I  know  of.6 

BERRY:  I  don't  remember  either. 

TRAPANI:  Does  anyone  ever  use  AKR  mice  for  long  term  ex¬ 
periments  on  cold  exposure?  In  regard  to  some  of  the  remarks 
you  made  about  the  neoplasms  and  virus  studies,  it  would  be  in¬ 
teresting  to  study  the  AKR  mouse.  This  strain  of  mouse  shows 
spontaneous  development  of  leukemia  and  lymphoma  at  about  nine 
months  to  one  year  of  age,  and  this  condition  has  been  considered 
to  have  a  viral  etiology.  It  would  be  interesting  to  use  the  AKR 


6  See  article  by  Ncines  and  Hlllomnn,  Proc.  Soc.  Exp.  Biol.  Med.  110:  500,  1962,  in 
which  endotoxin  la  shown  to  increase  resistance  in  mice  agatnst  some  but  not  all  virus 
infections. 
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mouse;  Just  put  them  into  the  oold  and  see  what  happens. 

METCALF:  I  would  like  to  make  just  one  comment.  I  think 
we  are  all  aware  of  the  importance  of  the  genetics  of  the  host 
that  we  are  using,  but  I  wonder  if  ther^  might  not  be  more  subtle 
relationships  that  we  may  be  missing.  For  example,  Weir^  and 
others  have  utilized  sub- lines  within  a  given  species  which  vary 
significantly  with  regard  to  blood  pH.  This  may  be  of  importance 
in  phagocytosis  and  perhaps  some  of  the  mechanisms  that  you 
are  measuring.  I  wonder  if  we  may  be  overlooking  these  re¬ 
lationships  and  consequently  failing  to  assess  or  evaluate  properly 
some  of  the  results  obtained. 

SULKIN:  My  ears  perked  up  at  the  comment  you  made,  and  I 
happened  to  think  of  the  experiments  that  we  recorded  a  few  years 
ago  on  bacteriophage  clearance  in  people  and  animals  —  rab¬ 
bits,  in  this  case.  As  you  know,  when  bacteriophage  has  been  In¬ 
troduced  intravenously  into  a  rabbit  it  is  inactivated  quite  promptly 
and  you  can't  detect  phage  in  an  animal,  actually,  within  a  couple 
of  hours.  And  we  have  the  impression  that  perhaps  properdin 
was  the  component  that  was  inactivated  and  undertook  an  ex¬ 
periment  in  which  we  treated  these  animals  with  zymosan,  and 
zymosan  did  something  that  depressed  properdin,  because  phage 
would  then  persist,  and  this  has  a  bearing  on  the  point  that  Dr. 
Berry  mentioned. 

MITCHELL:  My  one  question  is  this:  Dr.  Berry  and  his  group 
and  the  group  at  Wisconsin,  got  to  comparing  notes.  We  have 
experiments  wherein  one  is  performed  at  pressures  of  about 
100  mm  less  atmosphere  than  are  the  ones  that  are  performed 
at  Bryn  Mawr  or  at  Wisconsin.  I  wonder  if  this  small  differ¬ 
ence  may  make  them  into  different  animals.  The  reason  I  am 
saying  this  is  because  I  knew  of  your  own  experience  with  al¬ 
titude  exposures,  and  1  don't  know  whether  you  combined  this  with 
cold, 

BERRY:  I  would  like  to  say  that  Joe  Wilson  and  I  have  been 


7  Wclr,  J.  A.  1949.  J.  Infect.  Dts.  84:  252-274. 
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exchanging  mioe  between  Bryn  Mawr  and  Madison  because  we 
have  not  been  able  to  get  duplicate  results,  and  they're  interesting 
to  both  of  us.  As  a  matter  of  fact,  when  we  ship  these  mice  by 
air  express,  the  mice^have  been  changed.  The  Madison  mice 
shipped  to  Bryn  Mawr  are  very  different  animals. 

MITCHELL:  Well,  it  will  be  interesting  when  you  gentlemen 
eliminate  this  additional  factor  of  100  mm  of  mercury  and  Bee 
what  happens. 


VIRULENCE  AS  A  FACTOR  IN  HOST  RESPONSE  TO  BACTERIAL 
INFECTION  AT  LOW  ENVIRONMENTAL  TEMPERATURE1*2 

Joseph  J.  Previte3  and  L.  Joe  Berry 


Department  of  Biology,  Vlllunova  University 
Vlllanova,  Pennsylvania 
Department  of  Biology,  Bryn  Muwr  College 
Bryn  Muwr,  Pennsylvania 


ABSTKACT 

The  purpose  of  this  report  has  been  to  investigate  the  effect  of  acute  exposure  to 
cold  on  the  response  of  mice  to  Salmonella  typhl murium  and  Staphylococcus  aureus, 
and  to  Injections  of  Upopolysacchorldes  derived  from  Gram  negative  orgonlsms.  Mice 
malntolned  In  individual  comportments  without  bedding  following  Infection  with  an  a- 
vlrulent  strain  of  either  Salmonella  typhlmurlum  or  Staphylococcus  aureus  are  more 
susceptible  when  exposed  continuously  to  5°  C  than  they  are  when  exposed  to  15°  C  or 
to  25°  C.  These  differences  are  not  observed  when  virulent  strains  are  used,  while 
acclimatization  to  oold  for  two  weeks  falls  to  alter  the  response  to  the  nvirulent  orgon¬ 
lsms.  Mice  kept  at  6°  C  post- Injection  are  sensitized  250- fold  to  pnsteurized  Salmonella 
typhlmurlum.  ond  about  10- fold  to  llpopolysaccharlde  derived  fromSerratla  marcescens 
compared  to  oonlrol  animals  housed  at  25°  C.  Mice  given  an  LD7j  dose  of  llpopoly¬ 
saccharlde  and  placed  at  50  C  for  12  hours  before  transfer  to  25°  C  are  os  susceptible 
to  the  endotoxin  as  mice  kept  continuously  In  the  cold.  Conversely,  mice  given  the  same 
dose  and  retained  at  25°  C  for  6  or  12  hours  before  placing  them  at  5°  C  ore  almost 
os  resistant  as  mice  kept  continuously  at  25°  C.  The  period  of  sensitization  to  llpo¬ 
polysaccharlde  following  cold  exposure  was  paralleled  by  the  lime  at  which  a  drop  in 
body  temperature  occurred  following  the  low  temperature  stress  and/or  endotoxin 
poisoning.  Protection  was  afforded  the  cold  exposed  mice  against  endotoxin  poisoning 
by  exogenously  administered  cortisone  acetate  while  8  units  of  ACTH  enhanced  the 
lethal  effects  of  the  toxin.  The  adrenal  response  of  the  host  to  temperature  stress  seems 
to  be  of  paramount  significance  In  determining  sensitization  to  llpopolysaccharlde. 


1  Some  of  the  dats  presented  Inthls  paper  has  been  published  In  the  Journal  of  Infectious 
Diseases  110:  201-209,  1962. 

2  This  work  was  supported  In  part  by  oontraot  AF  41  (657J-340  between  Bryn  Mawr 
College  and  the  Arctic  Aeromedloal  Laboratory. 

3  Present  Address!  Zoology  Department,  Smith  College,  Northampton,  Massachusetts. 
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Many  individuals  assume  that  low  environmental  temperature 
plays  a  role  in  predisposition  to  infectious  disease.  While  there 
is  a  relative  dearth  of  scientific  evidence  to  support  this  concept, 
a  few  reports  have  appeared  in  the  literature.  Some  indicate  that 
cold  Increases  susceptibility  to  specific  infections  while  others 
demonstrate  an  increase  in  survival  following  low  temperature  ex¬ 
posure  (Girone,  1962).  It  seemed  of  import,  therefore,  to  shed 
further  light  on  this  complex  problem.  The  results  described  below 
demonstrate  the  response  of  cold  exposed  mice  to  infection  with 
Salmonella  typhimurlum,  Staphylococcus  aureus,  and  to  injection 
of  endotoxins  derived  from  Gram  negative  bacteria. 


MATERIALS  AND  METHODS 


During  the  experimental  period,  21  ±  2  gm  Carworth  farm,  CF-1 
female  mice  were  housed  singly  and  maintained  in  plexiglass  com¬ 
partments  without  bedding.  Mice  could  thus  be  isolated  one  from 
one  another  so  that  a  group  of  ten  animals  could  be  housed  individu¬ 
ally  in  a  total  area  measuring  8  in.  x  10  1/2  in.  The  importance  of 
single  housing  (Kulka,  1961)  and  lack  of  nesting  material  (Barnett 
et  al.,  1959)  as  stress  factors  in  cold  studies  have  been  demon¬ 
strated.  Single  housing  eliminates  the  huddling  of  mice  and  con¬ 
servation  of  body  heat  that  normally  accompanies  this  activity.  Lack 
of  nesting  material  prevents  burrowing  and  thereby  deprives  the 
animal  of  insulatory  material  available  under  usual  caging  con¬ 
ditions,  thus  accentuating  heat  loss.  The  cold  exposed  animals  were 
maintained  in  walk-in  refrigerators  at  5*  1°  C  or  15  *  1°  C.  Room 
temperature  controls  were  kept  in  an  air-conditioned  laboratory  at 
25  *  2°  C.  The  animals  were  given  food  (Dietrich  and  Gambrill's 
pathogen- free  mouse  biscuits)  and  water  ad  libitum.  For  the  single 
experiment  involving  high  temperature  exposure,  the  mice  were 
placed  in  compartments  held  in  an  incubator  with  a  controlled 
temperature  of  35  ±  2°  C.  Three  liters  of  air  pre-warmed  in  a 
water  bath  were  passed  through  the  incubator  each  minute.  The  rate 
of  air  flow  was  determined  by  a  flow  meter  (Fisher). 
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Injections  of  bacteria  derived  from  17  hour  brain-heart  infusion 
cultures,  and  llpopolysaccharide  derived  from Serratia  mar cescens 
(Difco),  as  well  as  heat-killed  Salmonella  typhl murium,  were 
suspended  in  0.5  ml  of  non- pyrogenic  saline  (Baxter's)  and  ad¬ 
ministered  at  the  start  of  each  experiment.  All  Injections  were 
given  intraperitoneally  other  than  staphylococci  which  were  given 
intravenously  via  the  tail  vein  of  the  mouse.  A  viable  count  of  10® 
cells  per  ml  based  on  numerous  experimental  determinations  was 
assumed  for  the  undiluted  cultures.  Staphylococcal  toxins  were 
obtained  as  sterile  filtrates  of  the  contents  of  diffusion  chambers 
which  were  constructed  with  Viscosedialyzing  membranes. Staphyl¬ 
ococcus  aureus,  Giorgio,  had  been  grown  inside  the  chambers  for 
10  to  14  days  after  implantation  in  the  peritoneal  cavities  of  mice. 
This  technique  is  described  in  detail  by  Houser  and  Berry  (1961). 
Mice  were  injected  intravenously  with  0.1  ml  of  a  1:32  dilution  of 
the  filtrate  and  placed  immediately  at  5°  C  or  25°  C.  The  material 
was  supplied  by  Mr.  Enoch  D.  Houser. 

Rectal  temperatures  were  determined  by  inserting  a  thermistor 
probe  approximately  21  mm  into  the  rectum  of  mice  for  twenty 
seconds.  The  temperature  was  read  from  a  telethermometer 
(Yellow  Springs  Instrument  Company,  Yellow  Springs,  Ohio)  to 
which  the  probe  was  connected.  A  mercury  thermometer  was  used 
to  calibrate  the  instrument. 

Five  mg  of  cortisone  was  administered  subcutaneously  as  a  sus¬ 
pension  of  cortisone  acetate  (Nutritional  Biochemicals,  Cleveland) 
in  0.5  ml  of  non-pyrogenic  isotonic  saline  solution.  The  suspension, 
stabilized  with  a  drop  of  Tween  80  detergent  was  prepared  in  a 
glass  homogenizer  with  teflon  pestle  and  used  immediately  there¬ 
after.  Adrenocorticotrophic  hormone,  ACTH,  (Armour  Labora¬ 
tories,  Chicago)  was  injected  as  a  gelatin  suspension  (Acthar  Gel) 
containing  two  units  per  0.05  ml. 

The  significance  of  differences  in  survival  due  to  experimental 
treatments  was  determined  by  the  chi-square  test  using  Yate's 
corrected  formula  (Croxton,  1959)  and  that  for  rectal  temperature 
measurements  was  determined  by  the  rank  order  test  (White,  1952). 
For  some  treatments  mean  survival  times  were  calculated,  in¬ 
cluding  only  the  mice  that  died,  LD^  dosages  were  determined 
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Days  Post  Number  of  survivors  at 


Infection 

5°  C 

15°  C 

25°  C 

0 

42 

32 

41 

2 

39 

32 

41 

4 

32 

30 

40 

6 

19 

26 

36 

8 

9 

20 

27 

10 

3 

17 

22 

12 

1 

8 

19 

14 

0 

8 

16 

Table  I. Survival  of  mice  infected  with  IQ^Snlmonella 
typhimuriuni.  SH-ll-A.  (Derived  from  iluta  presented 
in  J.  Infect.  Dis.  110:  201-209.  1962.) 


according  to  the  method  of  Reed  and  Muench  (1938). 


RESULTS 


Infection  with  S.  Typhimurlum,  SR-ll-A 


Mice  were  infected  intraperitoneally  with  10®  viable  cells  of 
S,  typhlmurium,  SR-ll-A.  This  strain  was  derived  by  chance  from 
an  agar  slant  culture  of  SR- 11  which  had  been  stored  at  5°  C  for  a 
period  of  several  months.  On  transfer  to  brain- heart  infusion  broth 
and  injection  into  mice,  it  was  found  to  have  lost  much  of  its  viru¬ 
lence.  The  animals  were  divided  into  three  groups  and  placed  at 
temperatures  of  5°  C,  15°  C,  and25°C  immediately  after  infection. 
The  pooled  results  are  presented  in  Table  I.  None  of  42  mice  sur¬ 
vived  at  5°  C  while  25  per  cent  (8  of  32)  of  those  at  15°  C  and  39  per 
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Days  Post  Number  of  Survivors  at 


Infection 

5°  C 

15°  C 

25°  C 

0 

32 

32 

31 

2 

31 

32 

30 

4 

25 

24 

20 

6 

5 

4 

6 

B 

1 

0 

3 

10 

0 

0 

3 

12 

0 

0 

3 

14 

0 

0 

3 

Table  II.  Survival  u I  mice  infected  with  10^ 
S.ilmonell.i  lyphimunum,  SK-U.  (Denvoi  from  >latn 
presente*!  in  J.  Infect.  Dis.  110 :  201-209.  1962.) 


cent  (16  or  41)  at  25°  C  were  alive  at  14  days.  Deaths  resulted  sooner 
at  5°  C  than  at  the  two  higher  temperatures  (P  <  0.005  in  both  cases) 
and  mean  survival  times  in  animals  succumbing  to  infection  were 
6,0,  8.5,  and  8.7  days  in  order  of  increasing  temperature.  The  ex¬ 
periments  were  terminated  at  14  days  in  order  to  avoid  ambiguities 
in  interpreting  the  results.  Five  degeee  exposure  alone  can  cause 
deaths  if  mice  of  the  strain  used  are  maintained  at  this  temperature 
for  periods  longer  than  two  weeks. 

In  a  single  experiment,  12  mice  that  had  survived  acclimatization 
for  two  weeks  at  5°  C  were  then  infected  with  10  5  SR-11A.  Fourteen 
days  later  only  one  of  twelve  was  still  alive.  Thus,  survival  at  5°  C 
in  mice  with  this  infection  does  notdiffer  with  or  without  two  weeks 
of  prior  acclimatization  (P  =  0.3). 


Infection  with  S,  Typhinmrium,  SR-11 


Mice  were  infected  intraperitoneally  with  10 5  cells  of  virulent 
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Days  Post 

Infection 

5  x 
5° 

106  cells 
15°  25° 

Infectious  Dose 

5  x  10  4  cells 

5°  15°  25° 

2  x 
5° 

104 

15° 

cells 

25° 

0 

10 

10 

10 

12 

10 

10 

33 

10 

32 

2 

6 

6 

4 

11 

10 

10 

33 

9 

32 

4 

0 

0 

0 

11 

10 

10 

32 

9 

31 

6 

1 

4 

6 

19 

3 

22 

7 

1 

3 

5 

6 

2 

16 

8 

0 

1 

3 

3 

2 

15 

10 

0 

1 

1 

0 

6 

12 

5 

14 

4 

Table  III.  Survival  of  mice  infcclcvl  with  Salmonella  t.vphi murium,  SU-11,  anvl  ex¬ 
pose!  to  5°  C,  15°  C,  and  25u  C.  (Derived  from  data  presented  in  J.  Infect.  Dis.  110: 
201-205.  19  6  2.) 


S_.  typhlmurlum,  strain  SR- 11.  The  animals  were  divided  into  three 
groups  and  placed  without  delay  at  5°  C,  15°  C,  and  25°  C.  The  re¬ 
sults  in  Table  II  demonstrate  no  significant  difference  in  survivor¬ 
ship  and  the  mean  survival  times  were,  in  order  of  increasing  tem¬ 
perature,  5.4,  5.3,  and  4.7  days.  Cold  was  thus  without  influence 
either  on  survivorship  of  survival  time  of  mice  infected  with  this 
particular  dose  and  strain  of  Salmonella. 

The  effect  of  graded  doses  of  SR- 11  was  then  evaluated  in  order 
to  determine  whether  an  effect  of  temperature  on  the  infectious  pro¬ 
cess  may  have  been  masked  by  an  overwhelming  infection.  Mice 
were  Infected  with  seven  different  doses  of  bacteria,  ranging  from 
500  to  5  million  cells  and  then  placed  at  5°  C,.15°  C,  and  25°  C.  The 
animals  were  more  successful,  temporarily,  in  resisting  the  lethal 
effects  of  the  virulent  salmonellae  when  housed  at  room  tempera¬ 
ture  (Table  III).  At  seven  days  after  infection  with  20,000  SR-11  only 
18.2  per  cent  (6  of  33)  of  the  mice  survived  at  5°  C,  whereas  50  per 
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Dats  Post 
Infection 

Number 
5°  C 

of  Survivors 
15°  C 

at 

25°  C 

0 

22 

22 

24 

2 

15 

22 

22 

4 

12 

18 

21 

6 

11 

14 

20 

8 

10 

11 

19 

10 

10 

10 

19 

12 

2 

8 

19 

14 

2 

8 

19 

Tnblu  IV.  Survlvnl  of  mice  Infected  with  10®  Staphylococcus  aureus. 
(Derived  from  data  presented  In  J.  Infect.  Dls.  110  :  201-209.  19  6  2.) 


cent  (16  of  32)  survived  at25°C  (P<0.02),  This  difference  was  abol¬ 
ished  by  the  fourteenth  day.  With  infectious  doses  as  low  as  500 
cells  or  as  high  as  5  million  cells,  both  survival  time  and  survivor¬ 
ship  of  mice  infected  with  SR- 11  were  largely  independent  of  the  en¬ 
vironmental  temperature  at  which  the  post-infection  period  was 
spent. 


Infection  with  Staphylococcus 

Mice  were  infected  intravenously  with  108  cells  of  a  relatively 
avirulent  variant  culture  of  Staphylococcus  aureus,  Giorgio.  They 
were  placed  immediately  after  infection  at  5°  C,  15°  C,  or  25°  C. 
After  14  days,  9  per  cent  (2  of  22)  survived  at  5°  C,  36  per  cent 
(8  of  22)  survived  at  15°  C,  and  79  per  cent  (19  of  24)  survived  at 
25°  C.  Thus  with  this  particular  organism,  survival  was  decreased 
significantly  by  5°  C  (P  =0.001)  or  15°  C  exposure  (P  =0.01)  when 
compared  to  that  at  25°  C  (Table  IV). 

Mice  injected  intravenously  with  108  virulent  Staphylococci  were 
about  equally  susceptible  both  as  to  survivorship  and  survival  time 
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5°  C  and  25°  C.  Three  often  animals  survived  at  each  temperature, 
and  the  mean  survival  times  were  2.9  days  at  5°  C  and  3.6  days  at 
25°  C. 

With  a  smaller  infectious  dose  of  virulent  cells  (500  bacteria), 
four  of  eight  mice  survived  at  5°  C  while  six  of  eight  were  alive  at 
25°  C  within  14  days  of  the  initial  infection  (PX).05).  Once  again  as 
with  salmonellosis,  the  more  virulent  organism  seems  to  produce 
a  fatal  infeotion  with  little  influence  from  the  environmental  tem¬ 
peratures  at  which  the  animals  were  housed. 


Injection  of  Staphylococcal  Toxin 

A  total  of  16  mice  were  injected  intravenously  with  0.1  ml  of  a 
1:32  dilution  of  a  staphylococcal  toxin  derived  as  a  sterile  filtrate 
from  a  viscose  diffusion  chamber  in  which  the  bacteria  had  been 
grown  as  described  previously.  Ten  were  placed  at  5°  C  and  the 
remainder  were  held  at25°C.Threediedat  5°  C  and  none  at  25  C. 
For  the  number  of  animals  involved  this  is  not  significant.  However, 
if  all  mice  previously  given  this  amount  of  toxin  (by  Mr.  E.  D. 
Houser)  at  room  temperature  are  added  to  the  25°  C  group  (a  total 
in  excess  of  30,  none  of  which  died),  it  would  suggest  that  cold  sen¬ 
sitizes  mice  to  Staphylococoal  toxins.  The  limited  supply  of  toxin 
prevented  a  more  extensive  test. 


Heat-killed  S.  Typhimurium 

Groups  of  10  mice  were  given  graded  numbers  of  pasteurized 
S.  typhimurium  intraperitoneally.  The  LDgg  dose  at  5°  C  was  8  x 
10®  cells  whileat25°C,itwas2  x  10®  cells.  Thus,  cold  exposure  in¬ 
creases  250-fold  the  lethal  effects  of  heat-killed  salmonellae. 

Two  groups  of  mice  were  then  acclimatized  to  5°  C  and  25°  C  for 
28  days.  At  the  end  of  this  period,  1.6  x  10®  heat-killed  cells  were 
Injected,  and  both  groups  of  mice  were  placed  at  5°  C.  Nine  of  ten 
cold  acclimatized  mice  survived,  while  only  two  of  ten  non-cold 
acclimatized  animals  lived  (P  *=  0.008).  However,  20  per  cent  or 
more  of  the  original  group  of  mice  at  5°  C  usually  die  during  a 
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Treatment  and  Survivors 
Days  Post  Controls  12  Hrs.  21  Hrs. 
Injection  5°  C  25°  C  5°  C  5°  C 


0 

40 

10 

30 

10 

1 

9 

10 

14 

0 

2 

9 

10 

14 

0 

Per  cent 
Survival 

22.5 

100.0 

46.7 

0 

Table  V  a.  Senaltlntlon  of  Llpopolysaooharlde  In  the  oold.  All  mice  received  60-65 
uf  of  Endotoxin.  (Derived  from  data  preaented  In  J.  Infect.  Dla.  110  :  201-209.  1962.) 


Days  Post 

Injection 

Treatment 

Controls 

5°  C  25°  C 

and  Survivors 
6  Hrs. 

25°  C 

12  Hrs. 
25°  C 

0 

40 

10 

30 

15 

1 

9 

10 

22 

15 

2 

9 

10 

21 

15 

Per  cent 
Survival 

22.5 

100.0 

70.0 

100.0 

Table  V  b.  Protection  agalnet  Llpopolysaooharlde  by  25°  C  exposure.  All  mice  re¬ 
ceived  60-65  ng  of  Endotoxin.  (Derived  from  data  presented  In  J.  lnfeot.  Dls.  110: 
201-209.  1962.) 
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month  long  acclimatization.  Therefore,  it  is  not  completely  clear 
whether  acclimatization  to  cold  actually  enhances  the  resistance  of 
the  mice  to  endotoxin  or  merely  serves  to  select  more  resistant 
animals  for  the  study. 

Injection  of  Serratla  Marcescens  Lipopolysaccharlde 

The  LDqq  doses  of  S.  marcescens  lipopolysaccharide  (Difco) 
were  determined  to  be  38.6  pg,  408  pg,  and  162.5  pg  at  ambient 
temperatures  of  5°  C,  25°  C,  and  35°  C  respectively.  Therefore, 
both  low  and  high  environmental  temperature  sensitize  mice  to 
lipopolysaccharide. 


Timing  the  Effects  of  Endotoxin  at  Different  Temperatures 

Mice  were  given  60-65  pg  of  endotoxin  (S.  marcescens  lipopoly¬ 
saccharide)  placed  immediately  it  5°  C,  and  at  intervals  thereafter 
returned  to  room  temperature.  Exposure  to  cold  for  12  hours  (46.7 
per  cent  survival)  sensitizes  mice  to  bacterial  lipopolysaccharide 
almost  as  completely  as  continuous  exposure  (22. 5  per  cent  survival) 
(P>0.05,  Table  Va).  Survival  of  25°  C  controls  (100  per  cent)  is 
significantly  different  from  that  of  5°  C  controls  (22.5  per  cent, 
P<0.001).  It  is  evident  that  the  response  of  cold  exposed  mice  to  this 
dose  of  endotoxin  is  determined  to  a  great  extent  within  a  12  hour 
period.  Experiments  with  heat-killed  salmonellae  (1.6  x  108  cells, 
which  is  more  than  an  LDgQ  dose),  or  with  smaller  doses  of 
lipopolysaccharide  (40  pg)  produced  similar  results. 

Mice  were  then  given  60-65  pg  of  lipopolysaccharide,  retained  at 
room  temperature,  and  at  intervals  thereafter  placed  in  the  5°  C 
room.  Survivorship  in  the  groups  maintained  at  25°  C  for  six  hours 
(70  per  cent)  and  twelve  hours  (100  per  cent)  differed  significantly 
from  that  of  mice  continuously  exposed  to  5°  C  after  endotoxin  in¬ 
jection  (22,5  per  cent,  P<0.001  in  both  cases;  Table  Vb).  With  a 
lower  dose  of  lipopolysaccharide  (40  pg)  similar  results  were  ob¬ 
tained.  Thus  the  mouse  at  normal  room  temperature  (25°  C)  is  able 
to  render  non- lethal  within  a  6-12  hour  period  a  dose  of  endotoxin 
that  is  about  75  per  cent  lethal  at  an  ambient  temperature  of  5°  C. 
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Table  VI.  Average  rectal  temperatures  of  Lipopolysacchan.le  poisoned  mice.  -The  rectal  temperature 
uf  moribund  mice  was  frequently  below  the  lower  limits  of  the  lelethermometer  (20“  C).  In  these  cases 
the  temperature  was  recorded  as  20u  C  murder  to  compute  the  arithmetic  mean  for  the  number  of  animals 
listed  in  parentheses.  Bach  value  represents  the  mean  plus  or  minus  the  standard  deviation  from  the  mean 
of  the  number  of  .imm.ds  studied. 
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Rectal  Temperatures 

Endotoxin  has  been  roported  to  elicit  hypothermia  in  mice  (Hal- 
berg  and  Spink,  1956;  Berry  et  al.,  1959).  It  seemed  appropriate  to 
determine  whether  or  not  the  onset  and  duration  of  hypothermia  co¬ 
incided  with  the  period  during  which  the  mice  were  sensitized  to 
this  poison  by  cold  exposure.  The  rectal  temperatures  of  mice 
maintained  at  25°  C  versus  those  at  5°  C  differed  significantly 
(P<0.001)  after  six  (37.5°  C  vs.  36.1° C respectively)  and  12  hours  of 
exposure  (37.9°  C  vs.  36.3°  C).  These  differences  disappeared  with¬ 
in  24  hours  at  the  two  different  ambient  temperatures  (P>0.05) 
(Table  VI). 

The  rectal  temperature  of  25°  C  controls  (37.5°  C)  was  signifi¬ 
cantly  different  (P<0.05)  from  that  recorded  in  mice  that  had  re¬ 
ceived  an  LDgQ  dose  of  lipopolysaccharide  six  hours  previously 
(36.4°  C).  Within  twelve  hours  the  difference  was  even  more  marked 
between  these  two  groups  (37.9°  C  vs.  34.8°  C  respectively,  P<0.001). 
The  rectal  temperature  of  5°  C  control  mice  and  that  of  mice  given 
an  LDgQ  dose  of  lipopolysaccharide  prior  to  exposure  to  this  same 
temperature  differed  markedly  at  6  hours  (36.1°  C  vs.  29.6°  C)  and 
at  12  hours  (36.3°  C  vs.  29.7°  C,  P<0 .001  in  both  cases). 

Thus  hypothermia  is  evident  wlthin6-12hours  in  5°  C  controls  as 
well  as  lipopolysaccharide-poisoned  animals  exposed  to  25°  C.  It  is 
most  severe  in  lipopolysaccharide-poisoned  animals  maintained  at 
5°  C  post-injection. 

Hormone  Administration  and  Survivorship 


Cortisone  acetate.  It  has  been  reported  that  adrenalectomized  rats 
are  killed  by  one- thousandth  the  dose  of  endotoxin  required  to  kill 
normal  animals  (Brooke  et  al.,  1959).  The  report  that  the  admini¬ 
stration  of  exogenous  corticoids  protects  endotoxin  poisoned  ani¬ 
mals  was  described  as  early  as  1951  by  Duffy  and  Morgan  and  has 
been  repeatedly  confirmed  since  then  (Berry  etal.,1959).  However, 
whether  the  same  protective  effect  would  be  evident  in  animals 
whose  metabolism  was  elevated  by  cold  exposure  remained  to  be 
determined. 
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Days  Post 
Injection 

50ug 

LPS 

Corti¬ 
sone  & 
50ug  LPS 

70ug 

LPS 

Corti¬ 
sone  6 

70ug  LPS 

Cortisone 

Controls 

0 

30 

26 

40 

30 

10 

1 

19 

23 

0 

24 

10 

2 

19 

23 

0 

24 

10 

Per  cent 
Survival 

63.3 

8B.5 

0 

80.0 

100.0 

Table  VII.  Hormonal  protection  against  Lipopolysacchurule.  Treatment  and  sur¬ 
vivors. 


With  this  in  mind,  five  mg  of  cortisone  acetate  was  administered 
subcutaneously  immediately  before  intraperitoneal  injection  of  50 
Mg  of  lipopolysaccharide  (endotoxin).  When  the  animals  were  main¬ 
tained  at  5°  C  post- injection  survivorship  was  slightly  but  not  sig¬ 
nificantly  greater  (P>0.05)  in  hormone  treated  mice  than  in  animals 
not  receiving  hormone  (88.5  per  cent  vs.  63.3  per  cent,  Table  VII). 
However,  with  a  larger  quantity  of  lipopolysaccharide,  the  protection 
afforded  by  cortisone  was  clearly  demonstrated.  When  an  LDjqq  dose 
(70  pg)  of  lipopolysaccharide  was  given  to  mice  exposed  to  5°  C  after 
injection,  all  40  controls  died,  while  24  of  30  mice  given  5  mg  of 
cortisone  acetate  survived  (P<0 .00 1) .  Cortisone  alone  killed  no  ani¬ 
mals. 


Adrenocorticotrophic  Hormone 

Exogenous  ACTH  administration  has  been  reported  to  sensitize 
mice  to  the  lethal  effects  of  endotoxin.  This  occurs  presumably  be¬ 
cause  glycocorticoids  are  released  too  promptly  in  animals  that 
receive  both  endotoxin  and  ACTH  (Berry  and  Srnythe,  1959',  1961) 
to  fulfill  the  protective  action  the  corticoids  normally  afford  against 
endotoxin  poisoning  alone.  The  experiments  described  below  were 
carried  out  to  determine  whether  or  not  cold  exposed  animals  would 
be  further  sensitized  to  lipopolysaccharide  if  given  ACTH.  The  re- 
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Days  Post 
Infection 

50ug 

LPS 

2  Units  ACTH 
£  50ug  LPS 

8  Units  ACTH 

6  50ug  LPS 

8  Units 
ACTH 

0 

30 

30 

30 

14 

1 

19 

15 

3 

14 

2 

19 

15 

3 

14 

Per  cent 
Survival 

63.3 

50.0 

10.0 

100.0 

Tnble  VIII.  Sonsitizulion  lo  Ui popolj-succha ri*l e  by  ACTH.  Treatment  anil  survivors. 


suits  indicate  that  this  does  occur  (Table  VIII).  Two  or  eight  units 
of  ACTH  were  administered  subcutaneously  immediately  before 
50  tig  of  lipopolysaccharide  and  subsequent  exposure  to  5°  C. 
Survival  in  controls  (63.3  per  cent)  was  slightly  but  not  significantly 
higher  (P>0.05)  than  that  of  animals  receiving  2  units  of  ACTH 
(50  per  cent),  but  was  significantly  higher  (PcO.OOl)  than  that  in 
animals  receiving  8  units  of  this  hormone  (10  per  cent  survival). 
Eight  units  of  ACTH  alone  did  not  kill  any  of  14  mice. 


DISCUSSION 


Following  experimental  infection  with  S.  typhi murium,  the 
greater  susceptibility  of  cold  exposed  mice(5°C,  measured  in  terms 
of  both  survivorship  and  survival  time)  compared  to  those  main¬ 
tained  at  usual  room  temperature  (25°  C)  is  evident  only  when  a 
comparatively  avirulent  strain  is  used  (SR- 11- A).  Thus,  a  situation 
in  which  the  outcome  of  a  host-parasite  interaction  is  intimately 
linked  to  the  genetic  constitution  of  the  microorganism  involved  is 
evident.  This  may  be  related  to  the  findings  of  Schneider  (1949)  and 
Schneider  and  Zindcr  (1956).  They  showed  that  diet  altered  the  out- 
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come  of  salmonellosis  only  when  a  mixed  population  of  virulent  and 
avirulent  pathogens  was  inoculated  into  the  mice.  As  an  alternative 
possible  explanation,  the  results  of  Muschenheim  etal.,  (1943)  should 
be  mentioned.  They  found  that  in  rabbits  infected  with  a  virulent 
Type  1  strain  of  pneumococcus  the  only  effect  of  reduced  body  tem¬ 
perature  was  a  decrease  in  the  local  inflammatory  response.  How¬ 
ever,  with  a  relatively  avirulent  Type  III  strain,  overwhelming 
bacteremia  and  death  resulted  as  well.  These  investigators  con¬ 
cluded  that  reduction  in  body  temperature  can  alter  resistance  to 
infection  with  an  otherwise  relatively  avirulent  pathogen.  Despite 
differences  in  experimental  approach,  the  results  reported  in  this 
paper  tend  to  support  such  a  concept. 

If,  as  is  reported  by  Berry  and  Smythe  (1960),  endotoxins  con¬ 
tribute  to  the  toxic  manifestations  of  salmonellosis,  then  the  close 
similarity  of  survivorship  and  survival  time  in  animals  infected 
with  virulent  SR- 11,  regardless  of  subsequent  temperature  exposure, 
might  be  the  result  of  the  formation  of  a  smaller  amount  of  endotoxin 
at  5°  C  than  at  25°  C.  This  argument  would  follow,  since  cold  ex¬ 
posed  mice  are  killed  with  less  endotoxin  than  those  maintained  at 
normal  temperatures.  In  line  with  this  hypothesis,  animals  under 
optimal  environmental  conditions  might  support  more  rapid  growth 
of  certain  virulent  pathogens  than  animals  in  the  cold.  Perhaps  in¬ 
fection  withtheavirulentSR-ll-Aresultsinmoredenths  in  a  shorter 
time  at  5°  C  than  at  25  C  because  the  lethal  level  of  endotoxin 
accumulates  sooner  at  the  former  temperature.  Thedefenses  of  the 
mouse  might  be  sufficiently  impaired  by  cold  to  permit  a  steady 
in  vivo  proliferation  of  the  bacteria  which  ultimately  leads  to  death, 
in  contrast  with  the  events  in  animals  under  more  normal  environ¬ 
mental  temperatures. 

The  results  with  Staphylococcus  aureus  infections  seem  to  fit  into 
the  interpretations  suggested  above.  The  relationshipbetweenviru- 
lenl  and  avirulent  S.  aureus  parallels  closely  the  findings  with 
salmonellosis.  Additional  studies  will  be  required,  however, before 
the  role  of  cold  in  active  infections  can  be  clearly  interpreted. 

From  our  results  it  appears  that  the  host  is  able  to  overcome 
certain  effects  of  endotoxin  within  the  first  6  to  12  hours  of  admini¬ 
stration.  Reports  available  in  the  literature  suggest  too  that  host 
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response  to  endotoxin  is  prompt  and  dramatic  (Conti  et  al.,  1961; 
Berry  and  Smythe,  1961),  The  period  of  sensitization  to  lipopoly- 
saccharice  by  cold  exposure  (Tables  Vaand  Vb)  is  paralleled  by  the 
time  at  which  a  drop  in  body  temperature  occurs  following  cold 
exposure  and/or  endotoxin  poisoning  (Table  VI).  Whether  the  re¬ 
duction  in  rectal  temperatures  is  the  cause  or  result  or  merely  re¬ 
flects  metabolic  changes  that  account  for  sensitization  remains 
unanswered.  However,  the  latter  view  seems  more  likely  in  view 
of  recently  obtained  but  yet  unpublished  data  from  this  laboratory. 

Sensitization  of  mice  to  bacterial  endotoxinby  cold  exposure  may 
be  related  to  adrenocortical  function.  If  the  stress  of  cold  results  in 
an  initial  hyperactivity  of  the  gland,  an  alarm  reaction  would  occur 
as  part  of  a  general  adaptation  syndrome  (Selye,  1955).  Adrenal 
activity  is  said  to  level  off  after  an  initial  rise  following  exposure  to 
cold  (Heroux  and  Hart,  19  54a;  Schonbaum,  1960),  while  the  low 
cholesterol  content  of  the  adrenals  of  room  temperature  exposed 
mice  17  hours  after  endotoxin  administration  has  been  interpreted  as 
being  the  result  of  an  earlier  hyperactivity  of  these  glands  (Berry 
and  Smythe,  1961),  In  view  of  the  protection  cortical  hormones  afford 
against  endotoxin  (Brooke  etal.,  19  59) ,  cold  stress  (Heroux  and  Hart, 
1954b),  or  both  of  these  factors  combined  (Table  VII) ,  the  following 
postulate  does  not  seem  unreasonable.  The  greater  resistance  to 
endotoxin  of  cold-acclimatized  mice  compared  to  non-acclimatized 
animals  may  involve  a  grenter  capacity  of  the  adrenal  of  the  former 
to  release  protective  corticoids  at  the  proper  time.  In  rats  exposed 
to  5°  C,  the  maximal  activity  of  the  adrenal  cortex  as  shown  by 
uptake  occurs  at  2  hours  after  exposure  (Rossiter  and  Nicholls, 
1957).  Thus  it  may  be  than  an  initialdepletion  of  corticoid  reserves 
occurs  in  the  cold  exposed  mouse  prior  to  the  time  at  which  these 
hormones  are  needed  for  protection  against  endotoxin.  "Functional 
adrenalectomy"  due  to  temperature  stress,  therefore,  may  be  re¬ 
sponsible  for  sensitization  of  cold  exposed  mice  to  endotoxin,  just  as 
surgical  adrenalectomy  has  been  reported  to  do  so  in  rats  (Brooke 
et  al.,  1959). 

While  the  present  report  emphasizes  adrenal  cortical  involvement 
In  protection  or  sensitization  to  endotoxin  following  cold  exposure,  it 
is  our  opinion  that  more  data  must  be  gathered  concerning  other 
facets  of  endocrine  involvement,  metabolism,  and  host  defense 
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mechanisms  before  definitive  and  final  statements  can  be  made 
concerning  this  problem. 


SUMMARY 


Mice  maintained  in  individual  compartments  without  bedding 
following  infection  with  an  avirulent  strain  of  either  Salmonella 
typhimurlum  or  Staphylococcus  aureuB  are  more  susceptible  when 
exposed  continuously  to  5°  C  thanthey  are  when  exposed  to  15°  C  or 
to  25°  C.  These  differences  are  not  observed  when  virulent  strains 
are  used,  while  acclimatization  to  cold  for  two  weeks  fails  to  alter 
the  response  to  the  avirulent  organisms.  Mice  kept  at  5°  C  after  in¬ 
jection  are  sensitized  250-fold  to  pasteurized  S.  typhimurlum  and 
about  10- fold  to  lipopolysaccharide  derived  from  Serratia  mar- 
cescens  compared  to  control  animals  housed  at  25°  C.  Mice  given 
an  LD75  dose  of  lipopolysaccharide  and  placed  at  5°  C  for  12  hours 
before  transfer  to  25°  C  areas  susceptible  to  the  endotoxin  as  mice 
kept  continuously  in  the  cold.  Conversely,  mice  given  the  same  dose 
and  retained  at  25°  C  for  6  or  12  hours  before  placing  them  at  5°  C 
are  almost  as  resistant  as  mice  kept  continuously  at  25°  C.  The 
period  of  sensitization  to  lipopolysaccharide  following  cold  exposure 
was  paralleled  by  the  time  at  which  a  drop  in  body  temperature 
occurred  following  the  low  temperature  stress  and/or  endotoxin 
poisoning. 

Protection  was  afforded  the  cold  exposed  mice  against  endotoxin 
poisoning  by  exogenously  administered  cortisone  acetate,  while  8 
units  of  ACTH  enhanced  the  lethal  effects  of  the  toxin.  The  adrenal 
response  of  the  host  to  temperature  stress  seems  to  be  of  para¬ 
mount  significance  in  determining  the  sensitization  to  lipopolysac¬ 
charide. 
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DISCUSSION 


BLAIR:  I  was  particularly  interested  in  the  development  of 
the  hypothermia  of  the  Serratia  endotoxin.  I  wonder  if  here  a- 
gain  we  aren't  faced  with  the  problem  of  the  species  differences 
in  experimental  work  of  this  nature.  Maxwell,  several  years  ago, 
using  dogs  --  I  am  sorry,  you  used  Serratia  endotoxin  also  -- 
uniformly  obtained  hyperpyrexia,  and  his  animals  died  in  the 
classic  picture  of  septic  shock  with  a  high  fever. 

PREVITE:  In  response  to  that,  I  would  say  that  mice  seem 
to  be  peculiar  animals  in  that  respect.  Although  I  don't  pro¬ 
fess  to  have  tremendous  knowledge  concerning  the  effects  of 
endotoxin,  from  what  I  have  read,  it  seems  as  if  the  mouse  is 
one  of  the  few  animals  that  responds  to  this  poison  with  a  lowered 
body  temperature.  Most  animals,  including  man  and  rabbits, 
respond  with  hyperthermia.  These  divergent  responses  again 
point  out  significant  species  differenceo. 
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BLAIR:  I  ask  what  the  condition  of  the  mice  was  at  the  5°  C 
exposure.  That  is,  after  development  of  hypothermia,  whether 
they  were  lethargic  or  comatose  or  not  just  before  they  died? 

PREVITE:  You  are  referring  to  the  control  mice  placed  at 
5°  C? 

BLAIR:  No,  the  ones  that  were  infected. 

PREVITE:  Measurements  weren't  made  following  infection; 
they  were  made  following  endotoxin  injection.  But  these  ani¬ 
mals,  after  6  to  12  hourB  with  and  LD^  dose,  were  pretty  sick. 
They  did  not  move  in  the  cage.  Within  eight  hours,  one  could 
practically  predlot  by  its  rectal  temperature  that  endotoxin- 
poisoned,  cold  stressed  mouse  which  was  going  to  die  or  survive. 
Animals  whose  rectal  temperatures  dropped  to  as  low  as  29.5°  C 
always  died.  And  those  animals  whose  temperatures  were  33°  C 
to  34°  C  or  higher  usually  survived  what  was  potentially  a  le¬ 
thal  dose  of  endotoxin. 

SCHMIDT:  But  in  your  third  to  the  last  slide,  I  think  you  were 
showing  us  the  effects  of  endotoxins  on  the  temperature  of  the 
animal.  I  may  be  mistaken,  but  as  I  recall,  you  were  indicating 
for  your  control  animals  at  25°  C  that  the  rectal  temperature 
tos  37.4°  C,  and  then,  as  the  hours  progressed,  the  animals 
at  5°  C  showed  somewhat  lowered  rectal  temperatures  in  the 
range  of  36°  C,  and  then  you  said  that  at  24  hours,  this  difference 
had  been  overcome. 

PREVITE:  The  difference  between  the  25°  C  group  and  the 
5°  C  group? 

SCHMIDT:  Yes,  but  what  I  think  is  significant  is  that  the  ones 
at  25°  C  were  now  approximately  1°  C  lower  in  rectal  tempera¬ 
ture  than  they  were  when  they  started.  In  other  words,  you  got 
a  fluctuation  of  1°  C  normally. 

PREVITE:  If  you  take  the  average  without  considering  the  de¬ 
viation,  yes,  but  if  you  compare  these  statistically,  because  of 
the  overlap  from  one  mouse  to  another,  there  is  no  significant 
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difference  after  24  hours.  Therefore,  my  findings  would  essen¬ 
tially  agree  with  those  of  Dr.  Miya.  That  Is,  within  24  hours, 
the  body  temperature  of  control  animals  exposed  to  5°  C  returns 
to  the  normal  range. 

SCHMIDT:  You  have  essentially  shown  us  that  you  can  take 
a  group  of  ten  animals  and  leave  them  at  26°  C,  and  their  average 
rectal  temperature  Is  going  to  drop  1°  C. 

PREVITE:  It  is  not  one  complete  degree.  It's  a  fraction  of  a 
degree.  Again,  if  one  compares  the  figures  37.8°  C  versus  36.6°  C 
alone,  they  do  seem  to  differ  significantly.  However,  upon  sta¬ 
tistical  analysis  they  are  not  significantly  different  because  of 
the  wide  mean  deviation  and  overlap  between  them. 

BERRY:  I  would  like  to  comment  first  on  Mr.  Schmidt's  question. 
It  is  very  relevent.  It  seems  a  little  peculiar,  when  you  look 
at  the  cold  figures,  to  find  temperature  differences,  but  it  may 
be  just  a  statistical  fluke.  Mice  show  variations  in  temperature 
during  the  day,  and  particularly,  with  time  of  day.  This  is  a  well 
known  fact.  Afound  4:00  a.m.,  or  at  least  early  morning,  the  tem¬ 
perature  is  typically  a  full  degree  lower  than  it  is  in  the  after¬ 
noon.  This  has  been  studied  extensively  by  people  interested  in 
biologioal  clocks.  Now,  with  any  group  of  mice,  in  order  to  es¬ 
tablish  a  change  in  body  temperature  with  time  of  day,  it  is 
necessary  to  work  with  large  numbers  of  animals  and  to  main¬ 
tain,  if  possible,  a  constant  environment.  With  a  small  sample 
of  mice,  it  may  be  possible  to  get  nearly  a  degree's  tempera- 
hire  average  difference  Just  because  of  a  sampling  anomaly. 

WALKER:  I  think  you  can  get  as  much  of  a  temperature  difference 
as  that  and  more  in  addition  to  that  with  Just  a  little  bit  of  activity. 

BERRY:  Yes,  and  you  probably  change  their  temperature  with 
rectal  probes. 

WALKER:  Wisconsin  mice  don't  like  a  rectal  probe  at  first, 
and  they  usually  struggle,  which  will  run  the  body  temperature 
up.  If  you  let  them  struggle  and  keep  the  probe  there,  you  can 
follow  his  temperature  climb.  If  you  take  ten  mice  in  a  group 
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and  put  them  Into  the  cage,  the  tenth  mouse  will  have  a  temperature 
one  degree  higher  than  the  flrpt  one  Just  because  of  your  reaching 
in  and  Btlrring  these  animals  up. 

PREVITE:  Regarding  that,  I  noticed  that  when  a  timer  with 
a  bell  was  used  in  order  to  leave  the  rectal  thermistor  probe  in 
the  cold  exposed  mouse  for  exactly  15  seconds,  the  stress  of 
the  ringing  bell  at  the  end  of  this  period  seemed  to  affect  the 
rectal  temperature  measurement.  Rectal  temperatures  were 
lower  in  mice  for  which  a  wristwatch  was  used  to  time  the  15 
second  period  of  thermistor  probe  insertion.  Apparently  the 
sound  of  the  bell  Berved  as  a  stress  which  could  affect  body 
temperature  measurements. 

BLAIR:  Adolph  at  Rochester  and  Crisman  at  Stanford,  in  order 
to  produce  hypothermia  in  mice  and  rats,  used  no  anesthesia. 
It  was  necessary  to  restrain  the  animals.  If  they  were  not  re¬ 
strained,  no  matter  how  long  they  were  exposed  in  an  environ¬ 
ment  of  0°  C  to  5°  C,  they  do  not  achieve  a  hypothermia. 

WALKER:  What  is  meant  by  hypothermia?  How  low  is  it? 

BLAIR:  He  has  taken  it  down  as  low  as  18°  C  or  15°  C,  but  the 
strain  on  the  mice  and  the  initial  activity  causes  elevation  in 
the  body  temperature,  but  within  several  hours  they  are  cooled 
down  quite  extensively,  as  opposed  to  the  group  which  is  allowed 
to  run  around  in  the  cages.  So  the  strain  is  important.  This  is 
related  to  the  muscle  activity  you  are  talking  about. 

REINHARD:  What  was  your  statement  relative  to  the  genetics 
of  the  organism  and  the  host- parasite  relationship? 

PREVITE:  We  noted  that  there  is  a  difference  between  viru¬ 
lent  and  avirulent  strains.  The  genetic  constitution  of  the  para¬ 
site  can  be  very  important  in  determining  the  outcome  of  the 
infection  as  modified  by  cold  exposure. 


* 

REINHARD:  In  a  homozygous  physiologicaUy  standardized  host? 
PREVITE:  I  made  no  reference  to  the  host  at  all,  but  I  would 
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agree  with  you,  oertainly,  the  genetio  constitution  of  the  host 
can  be  just  an  important. 

WALKER:  I  think  we  should  not  expect  to  see  an  effect  with 
a  very  virulent  strain  or  with  a  virulent  virus  in  a  very  sus¬ 
ceptible  host.  These  are  not  the  olroumstanoes  in  which  you 
can  see  small  differences.  It  is  very  important  to  have  the  strain 
and  host  under  the  right  olroumstanoes;  it  seems  to  me  we  can 
then  see  an  effect  of  temperature.  It's  ridiculous  to  expect  a 
measurable  effect  under  all  olroumBtances.  Much  of  the  vari¬ 
ation  in  the  results  reported  from  experimental  work  concerned 
with  the  effect  of  cold  on  infection  can  be  explained,  I  think, 
by  the  variation  in  host  and  strain  of  infectious  agent  used  in 
the  experimental  work. 

TRAPANI:  I  am  a  little  curious  about  something  on  which  you 
might  like  to  comment.  I'm  thinking  about  the  effect  of  ACTH 
and  oorticoids,  especially.  We  always  think  about  their  pos¬ 
sible  effect  on  the  host.  However,  Dr.  Miya's  results  showed 
that  bacteria  can  ohange,  too,  with  the  animal.  Is  it  possible 
that  there  is  also  an  effect  on  the  invading  organism?  Is  there 
any  other  work  whloh  points  to  this? 

MIRAGLIA:  I  will  comment  on  this  later  on  this  afternoon. 

PREVITE:  The  data  I  presented  would  give  us  little  direct 
Information  regarding  the  role  of  adrenal  corticokts  and  the  in 
vivo  infectious  prooess.  My  work  thus  far  with  adrenal  corti- 
coids  has  been  centered  around  the  effect  of  these  hormones 
on  the  response  of  mice  to  heat  killed  cells  or  commercially 
prepared  endotoxin. 
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ABSTltACT 

In  experiments  with  mice,  hypothermia  at  22°  C  to  23°  C,  when  maintained  for 
more  than  -10  hours,  almost  invariably  resulted  in  the  emergence  of  bacteria  in  peri¬ 
toneal  fluid  and  blood.  Klebalellae.  rapidly  eliminated  in  normal  mice,  diminished 
In  number  only  during  a  period  of  2-4  hours,  but  thereafter  Increased  again  in  hypo¬ 
thermic  mioe  and  oausod  a  profuse  baoteraemla.  As  antibacterial  treatment  reduced 
the  Incidence  of  peritonitis  and  baoteraemla  without  Increasing  the  average  survival 
time  in  hypothermia,  the  baoterial  invasion  is  not  likely  to  be  of  major  Importance 
for  debilitation  nnd  death,  but  rather  a  ooncomltant  phenomenon.  In  subsequent  series 
of  experiments,  groups  of  mioe  were  Inoculated  Intraperltoneally  with  pneumococcal 
suspensions.  The  following  observations  were  made;  the  Increase  In  numbers  of  pneu- 
mooocci  in  the  blood  was  slower  in  hypothermic  mice,  the  establishment  of  baoteraemla 
occurred  lator  In  suoh  mlco,  and  pnoumonlc  alterations  in  the  lungs  were  less  common 
in  hypothormlo  mice.  In  warming  up  of  hypothermic  mice,  the  events  in  all  these  re¬ 
spects  were  acooloratod  to  oqunllro  the  eventual  results  in  these  animals  with  those 
of  the  normothermic  controls. 


I,  Endogeneous  Peritonitis  and  Bacteremia 


The  ooncept  of  "endogeneous  bacteremia"  has  been  created  In 
connection  with  studies  on  the  effect  of  Irradiation  and  cortisone 
treatment  of  animals  (Bennetetal,,l951;BerIinet  al.,  1952;  Fallow- 
field,  1962;  Gledhill  and  Rees,  1952;  Hammond  et  al.,  1954;  Miller 
et  al.,  1950;  Miller  et  al.,1952;Philipsonand  Laurell,  1958;  Sanders 
et  al.,  1957). It  is  conceivable  that  this  condition,  generally  appearing 
as  an  invasion  of  the  blood  stream  by  bacteria  normally  present  in 
the  intestine,  may  also  take  place  in  hypothermia,  as  this  state  is 
known  to  interfere  with  several  mechanisms  taking  part  in  the  anti- 
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bacterial  defense  of  the  body,  as  antibody  formation  (Lindner  and 
Tunevall,  1958)  leucocytotic  reaction  (Fedor  etal.,1958;Helmsworth 
et  al.,  1955;  Villalobos  etal,,  19 55), phagocytosis  (Fedor  et  al.,  1958) 
or  local  tissue  reactions  (Beyer,  1956;  Sanders  etal.,  1957;  Szilagyi 
et  al.,  1956).  As  early  as  1897,  Flschl  observed  fatal  septicemia  in 
rabbits  subjected  to  chilling. 

More  recently,  the  possibility  of  bacteremia  haB  been  studied  by 
Fedor  et  al.  (1956)  in  dogs  maintained  at  28°  C  to  29°  C  for  6  to  12 
hours.  In  such  animals  no  endogeneous  bacteremia  occurred,  and 
the  ability  to  clear  the  blood  stream  from  injected  bacteria  was  very 
slightly  impaired.  On  the  other  hand,  Billingham  (1957)  observed  in 
extreme  hypothermia  an  increased  passage  of  bacteria  through  the 
endothelial  lining  of  the  gut.  Having  observed  at  autopsies  of  mice 
subjected  to  prolonged  hypothermia  the  frequent  occurrence  of  peri¬ 
tonitis  and  bacteremia,  we  have  undertaken  some  experiments  in 
order  to  study  more  closely  the  development  of  these  conditions  and 
to  establish  their  importance  for  the  mortality  of  mice  kept  in  the 
hypothermic  state.  Further,  as  a  complement  to  this  study,  an  in¬ 
vestigation  of  the  ability  of  hypothermic  mice  to  eliminate  injected 
bacteria  from  the  blood  stream  was  undertaken. 


METHODS 


Inbred  albino  mice  weighing  15 to  20  gm  were  used  for  the  experi¬ 
ments.  The  procedure  for  bringing  mice  into  a  controlled  hypother¬ 
mic  state  and  maintaining  them  there  has  been  described  in  a 
previous  paper  (Lindner  and  Tunevall,  19  58)  and  will  not  be  repeated 
here  in  detail.  Briefly,  the  animals  were  pre- treated  with  chlor- 
promazine-HCl  (Hibernal)  and  ethyl-(l-methyl-butyl)-malonyl-car- 
bamide-Na  (Nembutal)  before  being  immersed  into  a  water  bath 
where  they  were,  under  administration  of  oxygen,  kept  at  a  body 
temperature  of  22°  C  (registered  rectally). 


Intravenous  injections  were  made  into  the  dorsal  vein  of  the  tail 
with  a  No.  20  "Record"  cannula  on  a  syringe  of  the  tuberculin  type. 


PERITONITIS  AND  BACTEREMIA  IN  MICE 


For  bacterial  counts,  blood  samples  of  0.02  ml  were  drawn  with 
the  same  type  of  syringe  prefilled  with  0.18  ml  of  0.85  per  cent  NaCl 
solution  after  cutting  the  dorsal  vein  of  the  tall  thoroughly  cleaned 
with  70  per  cent  ethyl  alcohol.  The  resulting  1:10  dilution  was  spread 
over  a  3  per  cent  horse  blood  agar  plate.  After  Incubation  overnight 
at  37°  C,  the  bacterial  growth  was  roughly  estimated  as  "(+)"  (1-5) 
colonies  "+"  (6-50),  "++"  (51-500),  or  "+++"  (more  than  500),  In  the 
elimination  studies,  appropriate  dilutions  of  the  samples  were  made 
to  permit  a  precise  count. 

Fecal  specimens  were  taken  from  the  rectum  with  a  2  mm  plat¬ 
inum  loop  and  spread  on  plates  as  above. 

At  autopsy,  feoal  specimens  were  taken  as  described  above,  blood 
samples  from  heart  puncture  were  cultured  as  was  described  for  the 
tail  blood,  and  peritoneal  fluid  was  collected  with  a  cottom  swab  from 
the  abdominal  oavity  and  directly  spread  on  a  blood  agar  plate. 


RESULTS 


Influence  of  Hypothermia  on  the  Intestinal  Flora 


As  the  main  source  of  endogeneous  bacteremia  is  likely  to  be  the 
intestine,  the  composition  and  density  of  the  aerobic  fecal  flora  were 
studied  after  various  periods  of  hypothermia.  The  results  of  fecal 
cultures  are  presented  in  Figure  la;  pointoftime  is  represented  by 
numbers  of  cultures  ranging  from  109  to  29.  Within  the  coliform 
group,  the  proportions  of  E.  coli,  A.  aerogenes,  and  Paracolo- 
bacteria  were  not  significantly  altered  during  the  experiments. 
Small  numbers  of  bacteria  of  other  species  not  represented  in 
the  figure  were  observed  but  are  disregarded  here  for  simplicity. 
It  is  evident  that  the  intestinal  flora  as  represented  by  fecal  cul¬ 
tures  was  not  altered  significantly  in  prolonged  hypothermia. 
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Figure  1.  Kusulls  of  fecal  cultures  after  different  periods  of  hypothermia. 


The  Development  of  Bacteremia  in  Hypothermic  Mice 

In  four  consecutive  experiments,  in  which  34  mice  not  anti- 
bacterially  treated  were  used,  repeated  blood  cultures  were  made 
after  various  periods  of  hypothermia.  The  results  are  reported 
separately  for  the  four  experiments  in  Figure  2.  In  8  mice  bac¬ 
teremia  occurred  after  only  24  to  29  hours  of  hypothermia.  After 
48  to  54  hours,  the  number  of  bacteremlc  animals  had  increased 
to  14.  After  78  hours,  only  three  mice  remained  alive  and  free 
from  bacteria  in  their  blood,  and  of  these,  two  mice  soon  suc¬ 
cumbed  in  a  baoteremic  state. 

The  same  events  nre  described  for  all  four  experiments  to¬ 
gether  in  Figure  3,  this  time  with  different  bacterial  species  fe- 
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Figure  2  (cunt.).  itcsults  of  blood  cultures  made  after  various  periods  of  hypothermia 
on  28  antibnctcnally  treated  mice. 
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24-29  hour*  40-34  hour*  06  hour*  78hovri  ll7houn 


Figure  3.  Ucsults  of  blood  cultures  in  62  mice,  28  of  which  were  treated  antibac- 
terlally.  The  height  of  the  columns  above  zero  line  indicates  the  number  of  living  mice; 
under  this'  line  thnt  of  dead  mice.  Top  ■  34  mice  not  treated.  Bottom  «  28  mice  treated 
with  sulpha  and  streptomycin. 


ported  separately.  In  no  case  was  an  organism  found  in  the  blood 
which  had  not  been  present  In  feces  at  the  onset  of  bacteremia. 


Peritonitis  and  Bacteremia  in  Sacrificed  and  Succumbed  Mice 


Cultures  from  peritoneal  fluid  and  from  blood  were  made  in  30 
mice  sacrificed  in  good  condition  and  in  62  mice  which  had  died 
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A.  Not  treated 


Mice  sacrificed  after 


Number  of  mice 

Mice  with  pos.  cultures 

Thereof  in  perit. /blood 


Organism 


E.  coli 
Paracoli 


Mice  succumbed  after 


Number  of  mice 

Mice  with  pos.  cultures 

Thereof  in  perit. /blood 


Organism 


E.  coli 
Paracoli 

A.  aerogenes 
Alcalig.  faecalis 
Proteus 
Enterococci 

B.  mesentericus 


41  -  48  hours  49  -  60  hours 


Blood 

Perit.  +++ 


Blood 

Perit.  +++ 


41  -  48  hours 


49  -  96  hours 


Blood 

Perit.  '"+++ 


Blood 

Perit.  +++ 


B.  Treated  with  sulpha  +  streptomycin 


Mice  succumbed  after 


Number  of  mice 

Mice  with  pos.  cultures 

Thereof  in  perit, /blood 


Organism 


E.  coli 
Enterococci 


41  -  48  hours 


49  -  105  hours 
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Figure  4.  Itaclcrlnl  firolmgs  in  peritoneal  fluid  anil  In  blooil  nftcr  various  periods 
of  hypothermia.  Less  than  10,000  liactcria  per  ml  blood  Is  denoted  as  ♦,  more  than 
10,000  ns  <-*■>. 
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A.  Identic  findings  from  blood  and  peritoneal  fluid:  B  +  P 
Findings  from  peritoneal  fluid  when  sterile  blood:  P 

Findings  from  blood  when  sterile  peritoneal  fluid:  B 


E.  coli 

Alcaligenes  faecalis 

Proteus 

Enterococci 

B.  mesentericus 

E.  coli  +  para  coli 

E.  coli  +  A.  aerogenes 

E.  coli  +  Alcalig.  faecalis 

E.  coli  +  Proteus 

Paracoli  t  Alcalig. faecalis 

Total 


B  +  P  P  B 

27  2  1 

1  1 

1  4 

2 

1 

1 

3 

1  2 

4  2 

1 

39  9  6 


B.  Partial  identity  between  peritoneal  and  blood  findings. 


From 

peri¬ 

toneal 

fluid 


Recovered  from  blood 


E. 

coli 

E.  coli 
paracoli 

E,  coli  +  paracoli 

1 

E.  coli  +  A.  aerogenes 

1 

E.  coli  +  enterococci 

1 

Paracoli  +  Proteus 

4 

Figure  5.  Bacterial  species  recovered  from  blood  and  peritoneal  fluid  in  mice  sac¬ 
rificed  or  succumbed  after  prolonged  hypothermia. 


after  various  periods  of  hypothermia.  In  ten  animals  sacrificed  after 
24  or  40  hours,  the  peritoneal  fluid  as  well  as  the  blood  was  sterile. 
The  findings  from  the  remaining  82  mice  are  presented  in  Figure  4, 
where  colony  counts  below  500  are  marked  "+"  and  those  above 
500  "+++". 

From  the  table  it  is  evident  that  in  mice  sacrificed  in  good  con¬ 
dition,  peritonitis  and  bacteremia  are  fairly  infrequent  when  com¬ 
pared  to  their  occurrence  in  spontaneously  dead  animals  after  long 
or  short  periods  of  hypothermia.  In  the  group  which  succumbed  early 
bacteria  were  present  in  peritoneal  fluid  in  5  instances  without  oc- 
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curring  in  blood,  but  In  blood  only  once  without  being  present  in 
the  peritoneum. 

The  degree  of  correspondence  between  the  bacterial  findings 
from  peritoneum  and  those  from  blood  is  visible  from  Figure  5a. 
Full  conformity  existed  in  39  cases,  whereas  in  9  mice,  bacteria 
were  present  in  peritoneal  fluid  but  not  in  blood,  and  in  6  in¬ 
stances  in  blood  without  being  present  in  peritoneum.  Partial  con¬ 
formity  existed  in  the  remaining  7  cases. 


Influence  of  Hypothermia  on  the  Elimination  of  Bacteria  From  the 
Blood 

In  a  number  of  preparatory  experiments  various  numbers  of 
EL  cob  of  strains  emanating  fron.  mouse  feces  were  injected  intra¬ 
venously  into  normal  mice.  After  different  periods,  the  blood  count 
of  live  bacteria  was  measured.  The  results  are  reported  in  Figure  6. 
Regardless  of  the  number  of  bacteria  injected,  the  elimination 
was  rapid  during  the  first  15  minutes,  bringing  down  the  bacterial 
counts  to  about  one  tenth  of  the  numbers  found  4  minutes  after 
the  injection.  In  one  experiment,  where  the  first  count  was  made 
only  one  minute  after  the  injection,  the  reduction  was  equally 
rapid  from  this  time.  After  the  fifteenth  minute,  the  elimination 
rate  was  reduced.  This  varied  somewhat  between  different  experi¬ 
ments,  but  always  resulted  in  a  complete  or  almost  complete 
elimination.  All  animals  survived. 

Considering  the  frequent  occurrence  in  the  blood  of  E.  coll 
after  prolonged  hypothermia,  some  other  organism  not  usually 
found  in  endogeneous  bactermia  had  to  be  chosen  for  the  elimin¬ 
ation  studies  on  hypothermic  mice.  Hence,  the  following  experi¬ 
ments  were  performed  with  Klebsiella  pneumoniae  in  a  constant 
dose  of  4  x  106  bacteria.  The  following  groups,  each  containing 
5  mice,  were  studied:  normal  mice:  mice  having  received  pre¬ 
medication  but  not  chilled:  mioe  made  hypothermic  5  minutes 
after  the  injection  of  bacteria,  2  hours  before  the  injection,  24 
hours  (2  groups),  and  48  hours  (2  groups)  before  same  injeotion. 
The  results  are  presented  graphically  in  Figure  7. 
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log  numbfr  of  bacteria 
per  mi  blood 


Figure*  6,  Kesulis  of  blood  cultures  In  mice  at  different  times  after  the  intravenous 
injection  of  E.  coll  suspensions.  The  points  denote  logarithmic  means.  Numbers  of 
mice  in  each  group  and  number  of  bacteria  injected  are  given  in  the  figure. 


In  normal  animals  the  Initial  elimination  was  rapid  in  this  series 
also,  leading  to  complete  disappearance  of  bacteria  from  the  blood. 
In  hypothermio  animals  the  4  minute  counts  gave  higher  numbers 
which  increased  with  the  length  of  the  previous  period  of  hypo¬ 
thermia.  Further,  the  elimination  process  was  interrupted  after  2  or 
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Figure  7.  Itcsults  of  blood  cultures  In  mtco  at  different  times  after  the  Intravenous 
Injection  of  4  •  10®  Klebslollnc.  The  points  represent  logarithmic  means.  The  numbers 
of  mtco  In  the  groups  and  the  length  of  hypothermia  preceding  the  Injection  are  given 
in  the  figure. 


4  hours.  The  level  of  the  minimum  colony  count  also  varied  with 
the  length  of  the  preceding  period  of  hypothermia.  Thereafter  an 
increase  of  the  bacterial  counts  occurred,  ending  in  a  state  with 
innumerable  colonies  also  from  the  highest  blood  dilutions.  This 
took  place  after  72  hours  in  mice  hypothermic  2  hours  prior  to 
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Injection:  after  48  hours  in  those  cooled  down  24  hours  before;  and 
after  24  hours  in  mice  hypothermic  for  48  hours  before  injection  of 
bacteria. 


The  Influence  on  Endogeneous  Bacteremia  of  Antibacterial  Treat¬ 
ment 

The  experiments  now  described  indicate  that  bacteremia  or  peri¬ 
tonitis,  or  both,  occurred  almost  regularly  in  mice  subjected  to 
prolonged  hypothermia,  though  they  were  more  frequent  in  mice 
which  succumbed  in  a  hypothermic  state  than  in  animals  sacrificed 
in  good  condition  after  the  same  time  for  hypothermia.  The  signifi¬ 
cance  of  these  observations  is  not  clear.  Bacteremia  and  peritonitis 
may  be  the  dominating  cause  of  debilitation  and  death,  or  it  may  be 
a  ooncomitant  of  other  changes  due  to  hypothermia.  In  order  to  shed 
some  light  on  this  problem,  experiments  were  arranged  in  which 
hypothermic  mice  were  treated  with  a  combination  of  sulpha  drugs 
and  streptomycin  during  hypothermia.  This  combination  was  found 
in  preliminary  in  vitro  tests  to  be  most  effective  against  the  bac¬ 
terial  strains  usually  found  in  bacteremia.1 

The  influence  of  such  treatment  on  the  intestinal  flora  is  pre¬ 
sented  in  Figure  lb,  from  which  It  can  be  seen  that  a  shift  from  a 
dominance  of  conform  bacilli  to  a  prevalence  of  enterococci  was 
effected. 

In  several  of  the  previously  described  experiments  on  the  develop¬ 
ment  of  bacteremia  in  prolonged  hypothermia,  groups  of  antibac- 
terially  treated  mice  were  run  in  parallel.  The  results  are  seen  in 
Figure  4b  and  Figures  2b  and  3b.  It  is  evident  that  bacteremia  was 
largely  prevented  by  the  treatment.  The  survival  time,  however, 
was  not  prolonged:  not  even  in  the  experiment  where  the  untreated 
animals  were  given  blind  injections  to  compensate  for  the  stress 
which  repeated  injections  per  se  might  mean  for  the  treated  mice. 


L  The  preparations  and  doses  used  were:  'Sulfodttal"  (Sultonarole  37  p.  c.,  Sulfadlarlno 
37  p.  o.,  Sulfamerstlne  26  p.  c.)  100  mg/kg/day;  subcutaneously  divided  Into  two  doses: 
and  stroptomyoln  40  mg/kg/day,  In  one  dose. 
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DISCUSSION 


Observations  of  other  investigators,  corroborated  in  the  present 
study  by  findings  to  be  discussed  below,  make  us  accept  the  view  of 
the  intestinal  flora  as  the  souroe  of  endogeneous  bacteremia  in  pro¬ 
longed  hypothermia.  The  ability  of  intestinal  bacteria  to  invade  the 
rest  of  the  body  during  the  hypothermic  state  might  be  due  to  a 
change  of  this  flora  itself.  The  absence  of  food  intake,  the  slowing 
down  of  intestinal  motility,  and  the  low  temperature  seem  likely  to 
effect  such  a  change.  However,  as  shown  in  Figure  4,  no  major  alter¬ 
ation  of  the  composition  occurred.  It  must  be  stated  in  this  connec¬ 
tion  that  our  studies  were  restricted  to  aerobic  organisms. 

By  repeated  blood  cultures  in  hypothermic  mice,  bacteremia  was 
found  to  be  an  almost  constant  result  of  deep  and  prolonged  hypo¬ 
thermia,  as  shown  in  the  Figures  2  and  3.  It  should  be  noted  that  no 
bacterial  type  was  ever  demonstrated  in  the  blood  without  having 
been  found  previously  in  the  intestine.  Intestinal  and  blood  findings 
were  not  oompared  by  serological  typing  but  inbiochemical  reaction 
of  E.  coli  atralns  and  in  Dienes'  identity  test  for  Proteus  bacilli 
(Dienes,  1946)  full  conformity  was  found  betweenevery  pair  of  strains 
tested. 

As  to  the  route  of  the  bacterial  invasion  from  the  intestine, 
Figures  4  and  6  indicate  that  in  sacrificed  or  succumbed  mice,  bac¬ 
teria  were  more  often  found  in  peritoneal  fluid  without  being  present 
in  the  blood  than  inblood  without  being  found  in  the  peritoneal  cavity. 
Thus,  the  invasion  often  started  with  a  peritonitis  but  seemed  also  to 
take  place  directly  into  the  lymph  or  bloodstream.  Hammond  et  aL, 
(1954)  refer  to  experiments  where  bacteria  were  found  to  penetrate 
the  intestinal  wall  and  to  reach  the  mesenteric  lymph  nodes  in 
X- irradiated  mice. 

A  demonstrable  occurrence  of  bacteria  in  the  blood  can,  apart 
from  an  abnormal  import  as  suggested  by  Billingham  (1957),  be  due 
to  a  diminished  ability  of  the  organism  to  eliminate  bacteria  from 
the  blood  stream.  Our  experiments  reported  in  Figure  7  demonstrate 
such  an  impaired  elimination;  the moreitwasdecreased,  the  longer 
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the  hypothermic  state  existed.  They  also  show  that  the  intravenous 
injection  of  bacteria  which  are  normally  eliminated  from  the  blood 
without  any  consequences  for  the  animal  results  in  a  profuse  bac¬ 
teremia  in  mice  in  deep  hypothermia.  We  have  not  yet  had  the  op¬ 
portunity  to  investigate  whether  this  disagreement  with  Fedor's 
(1958)  results  are  due  to  differences  as  to  the  kind  of  animal,  the 
degree  of  hypothermia,  or  its  duration,  but  it  may  be  mentioned  that 
the  observations  of  Gowen  and  Friou  (1961)  in  dogs  tally  with  our 
results  in  mice. 

The  observation  that  peritonitis  and  bacteremia  are  more  fre¬ 
quent  in  spontaneously  dead  mice  than  in  animals  sacrificed  in  good 
condition  after  the  same  time  of  hypothermia  maybe  interpreted  in 
two  ways.  The  generalized  infection  may  be  a  dominating  cause  of 
death,  or  it  may  be  a  concomitant  phenomenon  to  other  injuries 
caused  by  hypothermia.  In  the  former  case  it  should  be  possible  to 
diminish  the  mortality  of  hypothermic  mice  with  antibacterial  treat¬ 
ment.  Such  treatment  was  given  to  groups  of  hypothermic  mice. 

The  treatment  (streptomycin  +  sulpha)  effected  a  pronounced 
change  in  the  aerobic  intestinal  flora  from  a  preponderance  of  the 
Escheriohia-Aerobacter  group  to  a  dominance  of  enterococci.  The 
latter  species,  however,  did  not  replace  the  Gram- negative  rods  as 
blood  invaders.  Generally,  no  bacteremia  was  observed  in  treated 
animals.  However,  the  average  survival  time  in  prolonged  hypo¬ 
thermia  was  not  increased.  Thus,  bacteremia  seems  notto  be  a  de¬ 
termining  factor  in  the  debilitation  and  death  of  hypothermic  mice. 
These  observations  coincide,  for  example,  with  those  recorded  in 
irradiated  mice  by  Laurell  et  al.  (1958)  and  Fallowfield  et  al.  (1962), 
but  differ  from  the  results  of  Miller  et  al.  (1952). 


II.  Experimental  Peritonitis  and  Bacteremia 


Many  studies  have  dealt  with  the  effect  of  low  temperature  on  in¬ 
duced  infection.  The  results  have  probably  been  contradictory  be- 
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cause  of  differences  in  the  choice  of  experimental  animalB  and  in¬ 
fecting  micro-organisms,  and  also  of  the  mode  of  exposure  to  cold. 
Thus,  in  one  type  of  study  animals  have  been  exposed  to  cold  under 
conditions  that  provoke  stress  reactions,  and  chilling  has  generally 
been  found  to  increase  the  susceptibility.  In  1878, PaBteur  found  that 
chilled  fowl  became  susceptible  to  anthrax.  Increased  susceptibility 
to  trypansomes  at  low  environmental  temperature  has  been  seen  in 
guinea  pigs  (Kligler  and  Weitzmann,  1926);  in  rats  (Kligler,  1927) 
and  mice  (Kligler  and  Olltzki,  1931)  to  Bac.  enterltldls;  and  in  rab¬ 
bits  to  streptococci  (Carpano,  1926)  and  to  syphillis  (Longhin  et  al., 
1957).  Other  such  experiments  have  shown  lowered  resistance  of 
chilled  guinea  pigs  to  pseudotuberculosis  but  not  to  pneumococci 
(Burgers,  1929),  indicating  the  Importance  of  the  choice  of  infecting 
organism  is  important.  This  was  also  borne  out  by  studies  of 
Previte  and  Berry  (1962)  in  which  chilled  mice  were  abnormally 
sensitive  to  relatively  avirulent  Salmonellae  and  staphylococci  but 
normally  susceptible  to  virulent  strains.  It  is  noteworthy  that 
Bruneau  and  Heinbecker  (1944)  found  that  in  dogs  inoculated  subcu¬ 
taneously  with  /*- streptococci,  cooling  reduced  the  local  inflam¬ 
matory  reaction  and  arrested  bacterial  growth.  On  removal  from 
the  cold,  however,  both  these  processes  were  abnormally  acceler¬ 
ated,  indicating  that  prolonged  chilling  had  in  the  long  run  lowered 
the  resistance. 

In  another  type  of  experiment,  body  temperature  has  been  lowered 
in  a  way  which  avoids  stress  reactions.  The  results  have  been  dif¬ 
ferent  in  that  infection  with  virulent  Type  I  pneumococci  in  rabbits 
was  not  changed  by  hypothermia,  whereas  infection  with  normally 
avirulent  Type  III  pneumococci  became  lethal  in  hypothermic  ani¬ 
mals  (Muchenheim  et  al.,  1943),  Similar  observations  as  to  the  re¬ 
sult  of  infection  with  pneumococci  of  low  virulence  in  rabbits  were 
made  by  Sanders  et  al.  (1957),  but  they  also  found  a  decrease  of  the 
survival  time  in  virulent  infection.  On  the  contrary,  Wotkyns  et  al., 
(1958)  working  with  mice  found  a  longer  survival  time  in  hypother- 
rhc  animals  with  Type  III  pneumococcal  peritonitis  suggesting  de¬ 
fense  mechanisms.  Similar  observations  on  rats  with  peritonitis 
were  made  by  Balch  et  al.  (19 55),  and  on  rabbits  with  staphylococcal 
sepsis  by  Grechishkin  (1956), 
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EXPERIMENTAL 


Method 

Pneumococcal  infeotion  waB  Induced  by  intraperitoneal  (i.p.)  in¬ 
jection  of  broth  cultures  In  doses  which  were  previously  found  to 
cause  infection  of  a  desired  course  and  massivity  in  normal  mice. 


Results 


In  preliminary  experiments  for  stating  optimal  conditions  for  the 
following  study,  hypothermia  was  found  generally  to  prolong  the 
average  survival  time  of  mice  after  their  inoculation  (i.p.)  with 
pneumococci.  The  results  of  such  an  experiment  are  reported  in 
Figure  8. 

In  all,  32  mice  were  inoculated  (i.p.)  with  20,000  pneumococci 
Type  IH,  while  six  mice  were  kept  as  controls.  About  three  hours 
later,  16  inoculated  mice  and  the  controls  were  made  hypothermic. 
The  remaining  16  inoculated  mice  were  kept  normothermic.  After 
about  49  hours,  surviving  hypothermic  mice  were  warmed  up. 
Cultures  from  heart  blood  were  made  from  succumbed  mice  as 
soon  as  we  were  sure  they  were  dead. 

The  average  survival  time  in  the  hypothermic  group  was  36 
hours  as  opposed  to  16  hours  in  the  normothermic  group  and  59 
hours  for  five  out  of  six  hypothermic  controls  not  inoculated; 
the  sixth  animal  in  this  group  survived.  In  the  inoculated  hypo¬ 
thermic  group,  three  mice  lived  to  be  u'armed  up,  but  died  during 
or  soon  after  this  procedure.  Pneumococci  were  found  in  peri¬ 
toneal  fluid  of  all  inoculated  mice.  In  heart  blood  they  were  abun¬ 
dant  in  all  normothermic  mice,  but  only  in  six  hypothermic  ones, 
whereas  three  had  pneumococci  in  moderate  numbers  and  seven 
mice  had  even  less. 

It  should  be  added  that  among  five  inoculated  hypothermic 
mice  and  five  not  inoculated  ones  which  sustained  hypothermia 
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Figure  8.  hesulis  of  post  mortem  blooil  cultures  in  normothermic  mice  ancl  hypo- 
thermic  ones  given  20,000  pneumococci  Type  III  Intrnperitoncnlly.  +  *1-50  colonies, 
*+  ■  51-500,  “  more  than  500. 


for  46  hours  or  more,  seven  animals  had  coliform  bacteria  in 
blood  and/or  peritoneum. 

The  first  experiment  was  only  semi-quantitative  and  indicated 
just  the  final  result  of  the  infection,  because  post  mortem  cultures 
only  were  made.  In  the  following  study  the  events  were  followed 
more  closely. 

In  the  experiment  reported  in  Figure  9,  15  mice  were  made 
hypothermic  while  another  15  received  the  pretreatment  only.  All 
mice  were  inoculated  (i.p.)  with  200,000  Type  II  pneumococci  eight 
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Figure  9.  Itesulls  of  intra  vit.im  anil  post  mortem  blood  cultures  in  hypothermic  mice 
ami  normothermic  ones  given  200,000  pneumococci  Type  II  intraperitoneally.  Average 
curves  inserted  below. 
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M^°  log  nr  of  pneumocociC 
Hours  after  +  mean  error  of  means 


inoculation 

Diff. 

t 

P 

2 

Hypothermic 
2.91  ±  0.33 
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5.00  +  0.12 

2.09 

6.15 

r~ 

<0,001 
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4.71  *  0,45 
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2.79 

6,18 
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6.25  +  0.31 
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Figure  10.  Number  of  pneumococci  in  blood  at  different  times  after  i.  p.  Inocula¬ 
tion  m  h)?othermic  and  normothermlc  mice.  The  figures  are  given  ns  10 logs,  with 
mean  errors  of  the  means.  Differences,  t-vulucs  in  Student's  test,  and  P*  values  are 
also  given. 


hours  afterwards.  The  hypothermic  mice  were  kept  in  this  state 
during  the  whole  experiment.  In  both  groups  blood  counts  were  made 
2,  8,  16,  24,  and  36  hours  after  Inoculation.  Succumbed  mice  were 
autopsied  immediately  and  bacterial  counts  were  then  made  from 
heart  blood. 

As  seen  from  the  figure,  bacteremia  increased  more  slowly  In  the 
hypothermic  mice.  This  also  presented  a  longer  survival  time; 
38.8  *  1.0  hours  as  against  28.7  *  1.6  hours  for  the  normothermlc 
ones  (t-value  5.5,  P  <  0.001).  The  average  numbers  of  pneumococci 
per  ml  blood  in  the  two  groups  sifter  2,  8,  and  16  hours  are  given  in 
Figure  10  together  with  results  of  probsibility  calculations.  The  form¬ 
ula  used  for  testing  the  significance  of  differences  is: 


Mx  -  My 


From  the  figures  in  the  table,  the  slower  increase  on  the  bac¬ 
terial  numbers  among  hypothermic  mice  is  verified.  After  the  16th 
hour,  the  differences  are  no  more  significant. 
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Figure  II.  hesults  of  mlcr  vilam  ami  post  mortem  blood  cultures  in  hypothermic 
hi  ice  and  normolhermic  ones  given  200,000  pneumococci  Type  II  intraperitoneally. 
Markings  as  in  Figure  2. 
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It  was  Interesting  to  note  that  hardly  any  pneumonic  lesions  were 
found  in  the  hypothermic  group,  but  in  five  normothermic  mice  all 
with  a  survival  time  of  30  hours  or  more. 

In  the  previous  experiment  the  inoculation  resulted  inbacteremia 
which  was  always  established  after  two  hours  in  the  normothermic 
group.  In  the  hypothermic  group,  however,  two  animals  had  sterile 
blood  after  two  hours  and  one  of  them  after  eight  hours.  In  order  to 
Investigate  if  bacteremia  could  be  regularly  postponed  by  hypother¬ 
mia,  a  less  massive  infection  was  induced  in  the  following  experi¬ 
ments,  as  the  propagation  of  such  an  infectioninto  the  blood  stream 
seemed  more  likely  to  be  influenced  by  the  hypothermic  state. 

In  one  of  these  experiments, presented  in  Figure  11,  the  hypother¬ 
mic  as  well  as  the  normothermic  group  contained  eight  mice.  Two 
hundred  thousand  pneumococci  Type  II  were  inoculated  (i.p.)  5  hours 
after  the  start  of  hypothermia.  Hypothermic  animals  were  warmed 
up  48  hours  after  the  inoculation.  Also,  the  increase  of  the  bacterial 
counts  was  slower  in  the  hypothermic  group,  and  after  as  long  a 
time  as  40  hours,  bacteremia  had  developed  in  only  3  of  the  8  hypo¬ 
thermic  mice,  but  in  all  normothermic  animals.  However,  the  re- 
warming  was  noxious  to  the  hypothermic  mice.  Three  bacteremic 
animals  already  in  the  hypothermic  state  died  during  this  procedure; 
two  other  mice  died  as  well,  butwithoutdeveloping  any  bacteremia; 
and  the  remaining  three  died  within  15  hours  from  the  start  of  the 
rewarming  procedure  and  proved  to  be  bacteremic  when  autopsied. 
Consequently,  no  significant  difference  between  the  two  groups  as 
to  the  mean  survival  time  was  found. 

A  similar  experiment  is  presented  in  Figure  12.  Here,  5,000 
Type  II  pneumococci  were  given  (i.p.)  to  seven  mice  five  hours 
after  the  start  of  hypothermia  which  was  maintained  for  40  hours. 
Two  normothermic  control  groups  were  run,  one  of  which  was 
given  premedication.  The  results  were  similar  within  both  con¬ 
trol  groups,  and  they  will  be  treated  together. 

The  results  tallied  well  with  those  of  the  previous  experiment. 
Bucterlal  multiplication  was  slower  in  hypothermic  mice,  and  three 
such  mice  were  protected  from  bacteremia,  whereas  all  controls 
became  bacteremic.  Rewarmtng  was  fatal.  All  surviving  mice 
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Figure  12.  Hesulls  of  Infer  vltam  nnd  poet  mortem  blood  cultures  In  hypothermic 
mice  and  normothermic  ones  given  200,000  pneumococci  Type  II  Intraperltonenlly, 
Mnrklngs  os  In  Figure  2. 


died;  one  at  start  of  rewarming,  and  the  remaining  two  within  12 
hours  after  this  procedure.  No  difference  as  to  the  survival  time, 
therefore,  was  noted. 


DISCUSSION 


It  should  be  pointed  out  that  our  experimental  procedure  for 
attaining  hypothermia  was  devised  todecrease  the  body  temperature 
by  elimination  of  the  normal  thermoregulation  at  chilling.  Thus, 
stress  reactions  were  minimized  nnd  body  temperature  was  rapidly 
stabilized  at  22°  C  to  23°  C. 

Preliminary  experiments  indicated  a  slower  increase  of  the  blood 
counts  of  pneumococci  and  a  prolonged  survival  in  hypothermic  mice 
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after  the  induction  of  pneumococcal  peritonitis. 

These  observations  were  corroborated  by  experiments  in  which 
bacterial  counts  from  blood  were  done  repeatedly.  In  other  experi¬ 
ments  where  the  infection  was  less  massive  the  slower  course  of 
disease  was  found  to  manifest  itself  in  two  different  ways.  First 
the  invasion  of  pneumococci  from  the  peritoneal  cavity  to  the  blood 
stream  was  more  often  delayed  in  hypothermic  animals.  If  the  fairly 
similar  experiments  of  the  Figures  11  and  12  are  taken  together,  7 
out  of  15  hypothermic  mice  were  bacteremic  40  hours  after  the  inoc¬ 
ulation  as  against  20  out  of  22  controls  (Chi-square  with  Yates' 
correction  6.9;  0.01  >  P  >  0.001),  Second,  when  bacteremia  was  once 
established,  the  increase  of  the  number  of  bacteria  in  the  blood  was 
slower  in  hypothermic  mice.  Our  results  thus  tally  with  those  of 
Watkyns  et  al.  (1958). 

But  one  other  significant  observation  was  made;  warming  up  of 
hypothermic  mice  was  deletarious.  Bacteremic  mice  died  during  or 
soon  after  this  procedure  and  in  mice  which  still  had  sterile  blood, 
bacteremia  was  often  established  and  followed  by  death  within  a 
short  time.  In  others,  death  occurred  without  being  preceded  by 
bacteremia.  It  is  not  possible  to  decide  whether  this  effect  was 
caused  by  a  weakening  of  the  resistance  by  hypothermia  against 
bacterial  assault  as  a  whole  or,  more  specifically,  to  an  increased 
sensitivity  to  bacterial  toxins  during  the  rewarming  process  which 
in  itself  is  traumatic  and  may  involve  an  abnormal  acceleration  of 
cell  metabolism. 


SUMMARY  AND  CONCLUSION 


I.  Experiments  with  hypothermic  mice  maintained  at  22°  C  to 
23°  C  for  more  than  40  hours,  almost  invariably  resulted  in  the 
emergence  of  bacteria  in  peritoneal  fluid  and  blood. These  bacteria 
belonged  to  species  present  in  the  intestine.  When  peritoneal  and 
blood  findings  were  not  identical,  the  demonstration  of  a  species  in 
peritoneal  fluid  only  was  more  frequent  than  in  blood  only.  No  major 
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change  of  the  intestinal  flora  was  effected  by  the  hypothermia. 

The  elimination  from  the  blood  stream  of  injected  bacteria  was 
found  to  be  disturbed  in  hypothermic  animals,  and  even  to  a  greater 
extent  in  long  periods  of  hypothermia.  Klebsiellae  rapidly  eliminated 
in  normal  mice  diminished  in  number  only  during  a  period  of  2  to  4 
hours,  but  thereafter  Increased  again  and  caused  profuse  bacteremia 
in  hypothermic  mice. 

Treatment  with  a  sulpha- streptomycin  combination  provoked  a 
shift  of  the  intestinal  flora  towards  a  dominance  of  enterococci  and 
diminished  considerably  the  incidence  of  bacteria  in  peritoneal  fluid 
and  in  blood, but  did  not  influence  the  survival  time  of  hypothermic 
mice. 

It  can  be  concluded  that  deep  and  prolonged  hypothermia  in  mice 
results  in  an  invasion  of  bacteria  from  the  intestine  into  the  periton¬ 
eal  cavity  or  into  the  blood  stream  or  both.  This  invasion  is  not  due 
to  any  change  of  the  intestinal  flora,  but  may  be  contributed  to  by  an 
inability  of  hypothermic  mice  to  eliminate  bacteria  from  the  blood 
stream.  As  antibaoterial  treatmentr  educed  the  incidence  of  periton¬ 
itis  and  bacteremia  but  did  not  increase  the  survival  time  of  hypo¬ 
thermic  mice,  the  bacterial  invasion  is  not  likely  to  be  any  import¬ 
ant  factor  for  debilitation  and  death,  but  rather  a  concomitant 
phenomenon. 

II.  Experimental  pneumococcal  peritonitis  was  found  not  to  result 
in  bacteremia  as  regularly  or  as  early  in  hypothermic  mice  as  in 
normothermic  controls.  Once  established,  the  bacteremia  also  in¬ 
creased  in  massivity  more  slowly  in  hypothermic  mice  which  also 
had  longer  average  survival  time. 

Warming  up  of  the  hypothermic  mice  resulted  in  a  rapidly  in¬ 
creasing  bacteremia  and  death, or  in  death  not  preceded  by  bacter¬ 
emia.  This  might  be  due  to  a  diminished  resistance  as  a  result  of 
the  previous  hypothermia,  to  the  trauma  inherent  in  the  rewarming 
procedure,  or  to  an  increased  susceptibility  to  bacterial  toxins 
during  this  process. 
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DISCUSSION 


MIYA:  How  soon  after  the  mouse  succumbed  did  you  take 
your  blood  cultures? 

TUNEVALL:  When  it  occurred  in  daytime,  it  was  made  as 
soon  as  we  were  sure  that  the  mouse  was  dead.  If  it  occurred 
during  the  night,  if  someone  were  in  the  lab,  the  procedure  was 
the  same  one.  If  we  were  not  —  we  had  to  sleep  now  and  then  — 
a  technician  would  take  the  mouse  directly  to  the  deepfreeze 
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and  chill  it  down  there.  Then  it  was  cultured  the  following  day. 

MIYA:  Is  it  possible  that  some  of  your  positive  blood  cul¬ 
tures  were  just  due  to  the  breakdown  of  your  normal  tissue 
barriers  before  you  got  the  blood? 

TUNEVALL:  Maybe  this  could  not  be  entirely  excluded,  but 
we  have  done  some  model  experiments  to  see  if  this  treatment 
of  the  dead  mouse  very  often  results  in  growing  through  from 
the  intestine,  but  we  have  not  the  impression  that  this  factor 
has  disturbed  the  results  very  much. 

MARCUS:  Yesterday,  when  the  speaker  spoke  about  anti¬ 
body  formation  and  measurement  in  rabbits,  he  spoke  about 
it  in  rabbits  using  quantitative  antibody  estimations  by  classi¬ 
cal  methods  of  determination.  He  did  not  consider  the  possi¬ 
bility  of  formation  of  non-precipitating  antibody,  and  I  think 
that  this  is  probably  valid  because  most  rabbits  don't  ordinar¬ 
ily  form  too  much  of  this.  But  you  are  using  mice,  and  I  won¬ 
dered  if  this  might  not  be  a  significant  consideration.  I  don't 
know  what  the  Bystem  was  that  you  employed  for  measuring 
the  antibody,  but  I  wondered  if  you  had  given  it  any  consider¬ 
ation  at  all? 

TUNEVALL:  We  used  the  typhoid-H  antigen,  and  for  deter¬ 
mining  the  antibody  level,  we  simply  used  the  Widal  test. 

MARCUS:  One  other  thing  I  wanted  to  ask  about.  In  discussing 
the  mechanism  of  invasion  of  the  hypothermic  mouse,  in  com¬ 
paring  it  to  what  occurs  in  the  irradiated  animal,  there  are 
some  interesting  possibilities.  As  far  as  I  know,  no  one  knows 
the  molecular  lesions  that  occur  following  irradiation  which 
lead  to  invasion,  but  there  is  good  evidence  at  the  cellular  level 
of  what  the  lesions  and  resistance  are.  The  mouse  does  not  have 
any  bactericidal  component  in  its  serum,  but  following  irradi¬ 
ation  there  is  not  a  loss  of  phagocytic  capacity,  but  a  loss  of 
intracellular  destructive  capacity,  and  I  wonder  if  this  is  the 
same  type  of  lesion  which  might  occur  in  the  hypothermic  mouse. 

TUNEVALL:  I'm  sorry,  I  cannot  answer  that  question. 


269 


TUNEVALL  AND  LINDNER 


MAHROW:  I  will  describe  two  clinical  observations.  An  in¬ 
fant  with  considerable  cold  exposure,  due  to  drunkenness  of 
the  parents,  was  brought  into  the  hospital,  failed  to  respond 
to  massive  antibiotic  therapy,  and  the  youngster  died  with  peri¬ 
tonitis,  which  would  be  exactly  parallel  to  your  experiments 
taken  over  into  a  human,  although  the  degree  of  lowering  of 
body  temperature,  we  do  not  know.  The  parents  were  inebriated 
to  the  point  of  anesthesia  for  a  period  of  a  couple  of  days,  so 
we  don't  know  how  long  the  youngster  waB  hypothermic.  We 
have  had  six  hypothermio,  or,  let'B  say,  "sub- normal  tempera¬ 
ture"  individuals  below  the  age  of  three  months.  The  flrBt  two 
were  treated  conventionally  with  massive  doses  of  penioilin, 
both  dying  within  the  third  or  fourth  day  of  hospitalization.  The 
next  four  were  given  massive  doses  of  gamma  globulin  immedi¬ 
ately  upon  admission,  and  had  relatively  uneventful  recovery. 
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ABSTRACT 

The  LDijq  for  mloe  of  S.  typ  hi  murium,  strain  RIA,  is  4.1  X  105  cells  for  animals 
Individually  housed  without  bedding  and  maintained  at  25°  C.  It  is  3.8  X  103  cells  for 
animals  similarly  housed  but  kept  at  6°  C.  However,  mice  are  able  to  withstand  nearly 
100  times  this  dosage  of  strain  RIA  if  they  are  housed  in  groups  at  5°  C.  Normal 

mico  with  their  dorsal  and  ventral  surfaces  shaved  are  unable  to  survive  more  than 

a  fow  days  when  housed  individually  in  the  cold,  but  survlvb  beyond  two  weeks  under 
group  housing  conditions.  No  effect  of  cold  could  be  detected  in  mice  infected  with  the 
highly  virulent  SH-ll  strain  ofjS.  typhi murium  since  all  animals  died  following  Infection 
with  only  a  few  cells.  Mice  that  were  natural  carriers  of  salmonellae  as  Judged  by 

fecal  discharge  wore  highly  resistant  to  challenge  and  responded  to  cold  in  a  manner 

similar  to  normal  mico  Infected  with  RIA.  Strain  RIA  could  be  isolated  from  the  tis¬ 
sues  of  infocted  animals  with  greater  frequency  and  persisted  longer  in  mice  main¬ 
tained  nt  5°  C  than  those  at  25°  C.  Coagulase  negative  staphylococci  were  Isolated 
from  liver,  lung,  spleen,  heart,  and  kidney  of  animals  that  survived  salmonellosis  for 
14  days  ut  5°  C.  The  staphylococci  did  not  appear  to  have  a  predeliction  for  one  tissue 
ovor  another,  nnd  were  Isolated  in  an  incidence  proportional  to  the  number  of  salmon- 
ollao  Injected  in  the  primary  infection.  At  25°  C,  only  a  small  percentage  of  mice 
hnd  staphylococci  in  tissues, and  these  occurred  independent  of  the  infectious  dose  of 
salmonellae.  These  observations  were  made  on  normal  mice  infected  with  RIA  and 
on  carrier  mice  Infected  with  SR- 11.  The  origin  of  the  secondary  invader  remains 
obscure,  but  it  does  not  appear  to  result  from  a  penetration  of  coagulase  negative 
staphylococci  from  the  lumen  of  the  gut  to  the  deep  tissue.  Mice  devoid  of  intestinal 
staphylococci  and  recolonleed  with  coagulase  positive  staphylococci  continue  to  show 
coagulase  negativo  isolates  from  deep  tissue. 


1  This  work  was  supportod  in  part  nt  Bryn  Mnwr  College  by  Contract  AF  41(6 57) - 340 
between  Bryn  Mawr  College  and  the  Arctic  Aoromedicnl  Laboratory,  USAF,  and  in 
part  by  Training  Qrnnt  2E-148,  U.  S.  Public  Health  Service. 

2  Postdoctoral  Follow  on  TralnlngQrnnt  2E- 148.  Present  nddress:  Department  of  Micro¬ 

biology,  Seton  Hall  College  of  Medicine,  Jersey  City,  New  Jersey. 
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The  extent  to  which  exposure  of  experimental  animals  to  low  en¬ 
vironmental  temperature  alters  or  modifies  the  outcome  of  host- 
parasite  interaction  is  not  clearly  extablished,  Pasteur,  nearly  a 
century  ago,  attributed  the  resistance  of  chickens  to  anthrax  to  the 
characteristically  high  body  temperature  of  fowls.  By  inducing  hypo¬ 
thermia  he  was  able  to  render  them  lethally  susceptible.  In  the 
intervening  years,  reports  dealing  with  the  effects  of  cold  on  the 
course  of  bacterial  infections  have  been  few  in  number.  On  the 
other  hand,  literature  concerned  with  the  physiological  effects  of 
exposure  to  low  temperwtures  on  various  mammalian  species  is 
extensive,  including  several  reviews  (Hemingway,  1945;  Hardy, 
1950;  Hardy,  1961;  and  Smith  and  Hoijer,  1962). 

There  are,  nevertheless,  important  studies  on  the  contribution 
of  the  environment  to  the  response  of  animals  challenged  with 
several  different  infectious  agents.  Junge  and  Rosenthal  (1948),  for 
example,  studied  the  survival  of  mice  infected  with  pneumococci 
and  reported  increased  susceptibility  when  the  temperature  was 
decreased  to  18°  C.  It  was  necessary, however, to  treat  the  animals 
with  salfadiazine  immediately  following  infection  in  order  to  insure 
sufficient  survival  to  make  the  temperature  effect  apparent. 

Muschenheim  and  collaborators  (1943)  had  studied  several  years 
earlier  the  effect  of  hypothermia  in  rabbits  on  resistance  to  experi¬ 
mental  pneumococcal  infection.  When  a  highly  virulent  strain  was 
employed,  the  only  demonstrable  effect  of  lowered  body  temperature 
on  host  response  to  the  pathogen,  compared  to  that  in  normothermic 
animals,  was  a  decrease  in  the  local  inflammatory  reaction.  When  a 
strain  of  low  virulence  was  used,  the  induced  hypothermia  resulted 
in  bacteremia  and  death  in  addition  to  the  inhibition  of  the  dermal 
inflammatory  reaction. 

The  interaction  between  certain  viruses  and  a  variety  of  hosts  as 
Influenced  by  environmental  temperature  has  received  considerable 
attention  in  recent  years.  The  incisive  investigations  of  Boring  et  al. 
(1956)  are  particularly  germane  to  this  paper.  Cold  was  found  to 
have  an  adverse  effect  on  the  mouse  infected  with  a  Cosxackie  virus. 
The  animals  were  housed  8  to  12  per  cage  at  4°  C  without  restriction 
on  huddling.  At  this  temperature  there  was  a  viremia  through  the 
fourth  post- Infection  day  while  the  blood  was  clear  of  virus  by  that 
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time  in  mice  at  25°  C.  Similarly,  the  titer  of  virus  in  the  liver  was 
higher  on  the  fourth  day  in  mice  at  4°  C  than  in  mice  at  25°  C. 
These  experiments  indicate  that  although  adult  mice  possess  a 
natural  resistance  to  the  Coxsackle  virus  such  that  the  disease  is 
limited  to  a  non- fatal  infection,  this  resistance  is  lost  when  animals 
are  maintained  in  the  cold.  Under  these  conditions,  a  lethal  infection 
ensues  which  is  characterized  by  a  persisting  viremia,  high  levels 
of  virus  in  the  liver,  and  lesions  demonstrable  in  other  organs.  The 
mechanism  by  which  oold  reduces  resistance  to  the  virus  is  unknown, 
although  the  fact  that  cortisone  causes  a  similar  loss  of  resistance 
suggests  that  cold  may  act  through  its  capacity  to  augment  secretion 
of  adrenocortical  steroids.  It  may  also  result  in  the  involvement  of 
other  body  responses  less  well  defined.  Thus,  Walker  and  Boring 
(1958)  observed  that  neutralizing  antibody  appeared  on  the  fourth  day 
in  mice  at  room  temperature  but  failed  to  appear  in  animals  in  the 
oold.  Injections  of  cortisone  are  known  to  suppress  the  immune  re¬ 
sponse  (Germuth,  1956). 

Schmidt  and  Rasmussen  (1960)  reported  that  mice  maintained  at 
37°  C  were  more  resistant  to  infection  with  herpes  simplex  virus 
than  those  held  at  25°  C.  This  protective  effect  was  believed  to  be 
due  to  the  lower  viral  population  in  brain  tissue  at  the  higher  tem¬ 
perature.  The  mechanism  responsible  for  this  decrease  in  the  num¬ 
ber  of  viruses  in  unknown,  but  a  possible  explanation  for  the  dif¬ 
ference  in  mortality  rates  is  an  alteration  in  viral  multiplication  due 
to  a  temperature  induced  change  in  the  metabolism  of  host  tissues. 
It  has  been  well  established  that  viral  populations  can  be  controlled 
to  some  extent  by  only  a  few  degrees  change  in  temperature 
(Lwoff,  1959). 

The  object  of  the  present  study  was  to  determine  possible  dif¬ 
ferences  in  the  course  of  salmonellosis  in  mice  maintained  at  25°  C 
with  others  kept  at  5°  C,  and  to  uncover,  if  possible,  mechanisms 
responsible  for  such  differences.  It  was  not  our  intention,  however, 
to  employ  mice  with  a  controlled  hypothermia.  Inthe  first  place,  the 
lower  environmental  temperature  to  which  animals  were  subjected 
failed  to  depress  the  core  temperature  below  the  normal  range.  In 
addition,  to  attempt  to  regulate  the  degree  of  hypothermia  in  popula¬ 
tions  of  mice  the  size  of  those  used  in  the  experiments  would  have 
been  technically  beyond  the  resources  available.  The  ability  of  mice 
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to  maintain  normothermia  when  kept  at  5°  C  for  10  to  15  days  has 
been  reported  previously  by  Bischoff(1942).  Nevertheless,  moribund 
animals  in  the  cold  do  become  markedly  hypothermic,  as  they  do 
during  the  last  hours  of  life  at  room  temperature  when  suffering 
from  salmonellosis. 

The  data  to  be  presented  confirm  and  extend  those  of  Previte  and 
Berry  (1962)  who  demonstrated  an  increase  in  host  susceptibility  to 
infection  with  Salmonella  typhimur  ium  when  a  strain  of  low  virulence 
but  not  one  of  high  virulence  was  used  in  mice  continuously  exposed 
to  a  low  ambient  temperature.  In  addition,  and  perhaps  of  even 
greater  importance,  is  the  observation  that  a  second  invading  or¬ 
ganism,  a  coagulase- negative  staphylococcus,  presumably  from  the 
environment  or  from  the  mouse  itself,  becomes  established  in  tis¬ 
sues  of  the  host  already  stressed  by  cold  and  the  experimental 
salmonellosis.  It  has  long  been  believed  that  primary  infections  pre¬ 
dispose  an  animal  to  secondary  invasion  but,  heretofore,  experi¬ 
mental  evidence  for  this  has  not  been  clear.  To  the  authors'  know¬ 
ledge,  this  is  the  first  description  of  a  situation  which  permits 
consistent  prediction  of  the  incidence  of  secondary  infection. 


I 

MATERIALS  AND  METHODS 


Animals.  CFj  female  mice  (Carworth  Farms,  New  York  City, 
New  York)  weighing  20  to  22gmwereused  in  all  experiments.  They 
were  housed  in  plexiglass  cages  which  were  divided  into  10  equal 
compartments  per  cage.  Each  compartment  measured  3.5  x  7.5  x 
9.0  cm.  No  bedding  was  used,  and  mice  were  housed  individually  to 
prevent  huddling.  The  open  tops  and  bottoms  of  the  plexiglass  en¬ 
closures  were  covered  with  3/8  inch  mesh  hardware  cloth.  All  com¬ 
pletely  assembled  cages  were  placed  on  wire  mesh  to  keep  the  ani¬ 
mals  free  from  excessive  moisture  and  excreta.  Water  and  pathogen- 
free  mouse  food  (Dietrich  and  Gambrill,  Frederick,  Maryland)  were 
available  at  all  times. 

Animal  Rooms.  Two  animal  rooms  wereused;one  was  maintained 
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at  25°  C  *  2°  C,  the  other  at  5°  C  *  1°  C.  An  automatic  lighting 
system  provided  12  hours  of  light  for  each  24  hour  period.  The  mice 
were  kept  continuously  in  the  appropriate  room  for  the  entire  ex¬ 
perimental  period.  Humidity  was  not  controlled  but  results  were  re¬ 
producible  at  different  seasons  of  the  year  when  humidity  is  known 
to  vary. 

Inoculum.  Two  strains  of  Salmonella  typhimurlum  were  used,  the 


cated,  by  placing  into  the  appropriate  medium  a  single  fecal  pellet 
obtained  on  a  sterile  swab  at  the  time  of  defecation.  To  culture  for 
staphylococci,  a  pellet  was  incubated  at  37°  C  in  brain-heart  in¬ 
fusion  broth  containing  7  per  cent  sodium  chloride  for  16  to  18  hours 
before  streaking  on  Staphylococcus  110  medium  (Difco).  To  culture 
for  salmonellae,  a  second  specimen  was  similarly  incubated  in 
selenite  broth  (Difco)  before  streaking  on  SS  agar. 

Coagulase  test.  The  coagulase  test  was  conducted  in  Wassermann 
tubes  using  0.5  ml  of  reconstituted  coagulase  plasma  (Difco)  to  which 
was  added  two  drops  of  a  16  hour  brain- heart  infusion  culture  of  the 
staphylococcus  under  test.  Tubes  were  read  after  three  hours  incu- 
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batton  at  37°  C. 

Miscellaneous.  In  lieu  of  drinking  water ,0.01  N hydrochloric  acid 
(pH  2.0)  was  given  to  mice  toridthe  gut  of  staphylococci.  This  is  a 
modification  of  the  method  of  Schaedler  and  Dubos  (1962).  The  ab¬ 
sence  of  the  organisms  was  confirmed  by  stool  culture.  Where  re- 
colonization  of  the  Intestine  with  a  specific  strain  (in  this  case 
Staphylococous  aureus,  strain  Giorgio)  was  desired,  the  hydrochloric 
acid  treatment  was  terminated  before  feeding  the  mouse  for  a  period 
of  12  hours  thedesired  microorganism  as  a  contaminant  in  the  ration. 


RESULTS 


Determination  of  LDc^.  The  LD50  for  animals  infected  with  strain 
RIA  and  maintained  at  50  C  and  25°  C  was  determined  by  the  method 
of  Reed  and  Muench  (1938).  This  was  found  to  be  4.1  x  10®  cells  per 
mouse  at  25°  C  and  3.8  x  103  cells  per  mouse  at  5°  C,  as  shown  in 
Table  I.  The  LD50  for  the  highly  virulentSR- 11  strain  was  less  than 
seven  cells  per  mouse  at  room  temperature,  hence  a  temperature 
effect  was  not  demonstrable.  All  observations  were  terminated  after- 
a  period  of  14  days. 

The  space  limitation  imposed  on  mice  housed  in  the  compart- 
mented  cages  did  not  alter  the  LD50  dose  of  the  RIA  strain  of 
S.  typhl murium  at  25°  C.  This  was  true  also  for  the  LDgg  dose  of 
crude  bacterinl  endotoxin  administered  by  intraperitoneal  injection. 
Neither  crowding  nor  the  psychological  effects  of  isolation  under  a 
situation  where  neighboring  mice  were  visible  through  the  clear 
plexiglass  made  any  measurable  difference  in  these  animals  com¬ 
pared  to  those  normally  housed. 

The  same  type  of  control  experiment  could  notbe  conducted,  how¬ 
ever,  at  5°  C  since  animals  permitted  to  huddle  are  not  as  severely 
stressed  by  cold  as  those  kept  in  isolation.  This  can  be  seen  from 
the  following  experiment.  Animals  were  housed  10  per  cage  (10  x  7  x 
6  1/2  inches)  with  pine  shavings  as  bedding  and  without  restriction 
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Number  of  mice  dead/total  tested  in  mice  group  housed  at: 


5°  C 

25°  C 

6/10  60% 

17/30  56.6% 

Table  1.  The  LD„  dose  of  S.  typhlmurluni  for  mice  as  Influenced  by  baoterlal  strain 
aid  environmental  temperatures. 


Inoculum  Temperature 


Strain 

RIA 

25° 

C 

b.l  x  10 

Strain 

RIA 

5° 

C 

3.8  x  10 

Strain 

SR- 11 

25° 

C 

7  cells 

Strain 

SR- 11 

5° 

C 

7  cells 

Table  II.  Effect  of  group  housing  on  survival  of  mice  at  5°  C  and  25°  C  Infected  with 
4.8  *  105  oella  of  3.  typhlmurluni.  strain  RIA.  Single  housing,  LD„  »  3.B  x  103  RIA 
at  6°  C.  Single  housing,  LDM  -4.1  x  105  RIA  at  26°  C. 

on  huddling  or  activity.  They  were  inoculated  \vith4.8  x  105  cells  of 
strain  RIA  and  for  those  maintained  at  25°  C,  17  out  of  30  (56.6  per 
cent)  died  (Table  II).  This  was  the  anticipated  result  since  this 
inoculum  is  the  approximate  LD50  for  mice  at  room  temperature. 
On  the  other  hand,  mice  similarly  housed  and  inoculated  and  placed 
at  5°  C  showed  six  out  of  10  dentils  (60  per  cer.l)  in  response  to  an 
inoculum  that  is  characteristically  100  times  the  LD,^  for  animals 
housed  individually  in  the  cold.  From  these  findings  it  is  apparent 
that  cold  modifies  the  response  of  mice  to  infectious  challenge  only 
under  specific  conditions  of  exposure.  This  is  important  to  keep  in 
mind  in  comparing  the  experiments  described  here  with  those 
reported  elsewhere. 

In  another  experiment  utilizing  20  normal  mice,  10  were  shaved 
on  their  dorsal  and  ventral  surfaces  and  housed  individually;  the  re¬ 
maining  10  wore  also  shaved  but  were  group  housed  with  pine 
shavings  as  bedding.  In  24  hours,  eight  of  the  10  mice  housed  indi¬ 
vidually  dial  and  all  were  dead  by  the  fifth  day.  The  group  housed 
mice,  however,  lived  for  the  entire  14  day  experimental  period  and 
were  then  sacrificed.  This  points  up  once  again  the  importance  of 
housing  conditions  in  experiments  on  cold. 
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Number  of  SR  typhimurium  injected  intraperiton- 
eally  into  mice  kept  the  temperatures  indicated 

Days  Post  4,8  x  10^  4.8  x  10^  4,8  x  10  4  4,8  x  10^ 

Infection  -  -  -  - 


25°  5°  25°  5°  25°  5°  25°  5 


Tablo  HI.  The  offoct  o[  tompornturo  on  the  distribution  of  deaths  with  time  In  mice 
Infected  with  graded  doses  of  S.  typhimurium,  strain  H1A. 
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Figure  1.  The  per  cent  of  liver  cultures  positive 
for  staphylococci  In  mice  ot  5°  C  and  at  25°  C  as 
rolated  to  the  Infecting  dose  of  S.  typhlmurlum, 
strain  niA,  All  liver  cultures  were  made  U  days 
postlnfecllon. 


In  order  to  test  the  possibility  that  a  cold  environment  enhanced 
the  virulence  of  the  organism  (strain  RIA), isolates  were  recovered 
from  the  liver  and  spleen  of  infected  mice  sacrificed  for  the  purpose 
after  being  held  at  5°  C  for  various  periods  up  to  14  days.  These 
isolates  were  injected  into  normal  mice  and  the  LDgg  and  mean 
survival  times  were  deter  mined  at  both  temperatures.  No  differences 
from  the  parent  strain  were  noted,  nor  were  there  any  detectable 
changes  in  colonial  morphology  or  growth  rate  in  vitro  when  com¬ 
pared  to  the  original  strain.  Using  these  criteria,  it  would  appear 
that  a  cold  environment  does  not  alter  under  in  vivo  conditions  the 
virulence  of  the  invauing  organism. 

Table  III  shows  the  mortality  rates  of  mice  at  room  temperature 
and  in  the  cold  when  given  graded  doses  of  strain  RIA.  It  is  apparent 
that  animals  maintained  in  the  oold  are  not  only  more  susceptible  to 
infection,  as  Judged  by  the  increased  mortality  rate,  but  the  initial 
deaths  occur  sooner  than  those  at  25°  C.  When  mice  are  injected 
with  an  LD50  dose  of  strain  RIA  (4.8  x  105  cells  per  mouse  at  25°  C, 
as  determined  directly  and  not  by  calculation,  as  mentioned  above), 
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a  highly  significant  difference  is  noted  in  the  mortality  ratios  be¬ 
tween  the  two  temperatures.  This  difference  is  significant  at  the 
0.8  per  cent  level  by  rank  test  (White,  1952). 

Influence  of  temperature  on  the  per  cent  of  livers  positive  for 
bacteria.  At  the  termination  of  each  experiment,  all  animals  that 
survived  the  14  day  period  of  observation  were  killed  by  cervical 
dislocation.  The  livers  were  immediately  excised  and  cultured  on 
nutrient  agar,  MacConkey's  agar,  SS  agar,  and  Staphylococcus  110 
agar  by  the  print  method.  The  results  are  shown  in  Figure  1  for  the 
experiments  conducted  with  strain  RIA.  Not  indicated  on  this  figure 
was  the  observation  that  the  per  cent  of  mice  from  which  salmon- 
ellae  could  be  isolated  was  greater  in  animals  kept  in  the  cold  than 
in  those  at  25°  C.  Moreover,  as  might  be  expected,  the  per  cent  of 
positive  livers  increased  in  proportion  to  the  size  of  the  infectious 
dose.  Even  more  important  was  the  number  of  mice  which  gave 
staphylococci  from  liver  imprint  cultures.  This  secondary  invader, 
as  can  be  seen  from  Figure  1,  is  to  be  found  in  animals  kept  at  5°  C 
in  an  Incidence  that  is  proportional  to  the  number  of  salmonellae 
(RIA)  administered  in  the  primary  infection.  For  mice  housed  at 
25°  C,  a  proportionality  between  primary  and  secondary  infection  is 
not  at  all  apparent.  It  would  seem,  therefore,  that  a  combination  of 
cold  and  salmonellosis  predisposes  to  an  invasion  of  staphylococci. 
When  inocula  exceed  the  LD^  dosefor  mice  at  5°  C,  few  mice  sur¬ 
vive  to  be  tested  for  tissue  staphylococci  and  hence  an  atypical 
group,  the  highly  resistant  animals,  survives.  Thus,  the  relationship 
between  primary  and  secondary  infection  was  unpredictable,  as  in¬ 
dicated  by  the  curves  plotted  forthel04and  10 5  inocula.  Despite  the 
tendency  toward  selection  of  atypical  survivors,  the  data  obtained 
with  livers  cultured  for  staphylococci  continued  to  show  a  sub¬ 
stantially  higher  incidence  of  secondary  invasion  for  mice  in  the 
cold  than  for  animals  at  room  temperature. 

The  effect  of  low  temperature  on  salmonella-carrier  mice. 
Results  similar  to  those  obtained  with  strain  RIA  were  noted  when 
the  highly  virulent  strain  SR- 11  was  used  in  experiments  with  mice 
which  proved  to  be  typhoid  carriers.  The  results  of  this  study,  using 
mice  which  arrived  from  the  dealer  with  feces  that  yielded  positive 
cultures  for  salmonellae,  ure  shown  in  Figure  2.  Thus,  normal 
mice  infected  with  avirulent  salmonellae  and  exposed  to  cold  show 
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figure  2.  The  per  cent  of  liver  cultures  positive 
for  staphylococci  in  natural  snltnonelln  carrier  mice 
at  5°  C  nrai  at  25°  C  as  related  to  the  Infecting  dose 
of  jj.  lyphlmurlum,  strain  SK-11.  All  liver  cultures 
were  made  M  days  postinfection. 

an  incidence  of  livers  positive  for  staphylococci  in  the  same  way  as 
do  carrier  mice  in  the  cold  infected  with  virulent  SR-11.  Staphylo¬ 
cocci  were  not  present  in  livers  cultured  from  carrier  mice  main¬ 
tained  at  25°  C  except  those  infected  with  the  highest  dose  of  strain 
SR-11,  and  even  here  only  10  per  cent  of  the  mice  had  a  positive 
culture.  The  high  degree  of  immunity  of  the  carrier  mice  is  evi¬ 
denced  by  the  fact  that  ull  animals  at  room  temperature  were  able 
to  withstant  7000  LDl00  of  strainSR-11,  while  only  four  of  10  animals 
died  from  this  dose  at  5°  C.  The  SR- 11  strain  is  usually  fatal  to  mice 
when  only  a  single  cell  is  injected  (Schneider  and  Zinder,  1956). 
Even  with  enhanced  resistance,  some  carrier  animals  succumbed  at 
5°  C.  The  death  of  these  mice  shows  that  exposure  to  low  environ¬ 
mental  temperature  increases  susceptibility  to  infection  even  in 
highly  immune  mice. 

It  might  be  suggested  that  as  increasing  numbers  of  salmonellae 
are  injected,  progressively  mounting  stress  is  applied  toa  host  al¬ 
ready  stressed  by  cold  so  that  staphylococci  already  in  the  host  or 
its  environment  now  become  established  in  its  tissues.  Noteworthy 
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also  was  the  observation  that  from  a  group  of  30  non- infected  con¬ 
trols  held  at  5°  C  for  14  days,  only  23.3  per  cent  had  liver  cultures 
positive  for  staphylococci  and  from  none  could  salmonellae  be  ob¬ 
tained.  A  similar  number  of  control  mice  at  25°  C  had  negative  liver 
cultures  for  both  salmonellae  and  staphylococci.  This  further  sup¬ 
ports  the  contention  that  animals  Inthe  cold  have  a  decreased  capa¬ 
city  to  resist  infection. 

Efforts  have  been  made  to  determine  the  origin  of  the  staphylo¬ 
cocci  which  appear  in  the  tissues  of  cold  exposed  mice.  Most  of  the 
normal  animals  (95  per  cent  or  294  of308)  discharge  staphylococci 
in  the  feces,  but  only  1  per  cent  approximately  are  coagulase-posi- 
tive  strains.  These  figures  remain  essentially  unaltered  in  normal 
mice  exposed  to  cold.  Since  coagulase-negative  strains  do  not  lend 
themselves  readily  to  phage  typing, acorrelation  between  the  staph¬ 
ylococci  isolated  from  tissues  and  those  found  in  feces  of  the  same 
mouse  could  not,  therefore,  be  attempted. 

An  indirect  method  was  employed,  however,  using  a  modification 
of  the  technique  ofSchaedler  and  Dubos  (1962)  which  consists  of  sub¬ 
stituting  0.01  N  hydrochloric  acid  for  the  drinking  water  in  order  to 
rid  the  gut  of  staphylococci. 

Animals  have  been  maintained  on  hydrochloric  acid  dr  inking  water 
for  over  40  days  without  any  obvious  untoward  effects.  The  appear¬ 
ance  and  behavior  of  the  animals  was  normal.  There  was  normal 
weight  gain  and  growth,  and  the  pH  and  character  of  the  stools  was 
indistinguishable  from  that  of  normal  controls. 

Effect  of  acid  water  treatment  on  the  percent  of  mice  with  feces 
positive  for  staphylococci.  In  most  axperiments  five  to  seven  days 
of  acid  treatment  sufficed  to  rid  the  gut  completely  of  culturable 
staphylococci.  In  this  connection,  however,  a  seasonal  effect  was 
noted  in  experiments  conducted  during  the  summer  months  even 
though  the  animals  had  air-conditioned  quarters.  At  this  time  of 
year,  additional  time  on  acid  treatment  was  required  to  free  the 
intestine  of  staphylococci,  as  shown  in  Table  IV.  Moreover,  while 
studies  conducted  during  the  winter  consistently  yielded  coagulase- 
negative  staphylococci  from  the  feces,  summer  studies  revealed  a 
low  percentage  of  coagulase- positive  strains  as  well  as  a  high 
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Duration  of 
HCL  treatment 
(Days) 

Per  cent  of  mice 
with  fecal 
staphylococci 

Per  cent 

coagulase 

negative 

Per  cent 

coagulase 

positive 

0 

95 

(308) 

95 

0 

6 

67 

(15) 

67 

0 

10 

11 

(27) 

11 

0 

12 

5 

(20) 

5 

0 

28 

40 

(20) 

30 

10 

Table  IV.  Staphylococol  recovered  from  the  feces  of  mice  after  various  periods 
ol  hydroohlorlo  sold  treatment.  Number  of  mice  tested  shown  In  parentheses. 

percentage  of  coagulase-negative  strains.  When  no  staphylococci 
could  be  cultured  from  the  feces  after  a  period  of  acid  treatment, 
the  digestive  tract  was  then  recolonized  with  strain  Giorgio,  a 
coagulase-positive  staphylococcus,  and  for  about  a  week  thereafter 
the  stool  cultures  contained  only  coagulase-positive  strains.  While 
mice  continued  to  shed  these  strains  for  at  least  several  additional 
weeks,  they  also  began  to  discharge  coagulase-negative  strains  by 
the  14th  day.  This  occurred  in  animals  maintained  at  25°  C  and  5°  C. 

Although  the  gut  can  be  made  free  of  staphylococci  by  treat¬ 
ment  with  hydrochloric  acid,  these  organisms  became  reestab¬ 
lished  in  approximately  50  per  cent  of  the  animals  within  several 
days  after  tap  water  was  substituted  for  the  acid.  In  fact,  in 
animals  autopsied  after  the  usual  experimental  period  of  14  days, 
coagulase-negative  staphylococci  were  found  in  nearly  all  stool 
cultures.  This  too  was  independent  of  the  environmental  tempera¬ 
ture  at  which  the  mice  were  kept. 

Effect  of  acid  water  treatment  on  the  per  cent  of  mice  with 
tissues  positive  for  staphylococci.  Deep  tissue  invasion  has, 
with  only  a  few  exceptions,  consisted  of  coagulase-negative 
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Treatment 

Per  cent  of  tissues  posit; 
for  staphylococci* 

1 

day 

at  5 

0 

C 

0 

(5) 

5 

days 

at 

5° 

c 

0 

(5) 

8 

days 

at 

5° 

c 

40 

(5) 

14 

days 

at 

5° 

c 

50 

(18) 

21 

days 

at 

5° 

c 

40 

(5) 

14 

days 

at 

25‘ 

5  c 

0 

(10) 

10 

days 

HC1 

+ 

5  days 

at  ! 

5°  C 

33 

(3) 

10 

days 

HC1 

t 

14  days 

at 

5°  C 

56 

(9) 

10 

days 

HC1 

+ 

14  days 

at 

25°  C 

10 

(10) 

Table  V.  SUphyloooool  recovered  from  tissues  of  mloe  after  various  treatments. 
Ail  Isolates  were  coagulaae- negative.  Number  of  mice  tested  shown  In  parentheses. 
•Tissues  tested:  liver,  kidney,  spleen,  lung  and  heart. 

strains.  Table  V  summarizes  the  results.  The  intestine  when 
colonized  with  the  coagulase-positive  Giorgio  strain  could  not 
be  the  origin,  therefore,  of  the  secondary  invader.  But  even 
more  revealing  is  the  fact  that  staphylococci  were  still  iso¬ 
lated  from  the  tissues  of  cold  exposed  mice  with  the  anticipated 
frequency  in  individuals  whose  feces  contained  no  culturable 
staphylococci. 

Reestablishment  of  coaguiase- negative  staphylococci  in  the  gut 
of  mice  rendered  free  of  staphylococci  by  acid  treatment  did  not 
alter  the  frequency  of  tissue  invasion  by  coaguiase- negative  organ¬ 
isms.  This  too  is  evidence  against  the  possibility  that  the  invaders 
are  Intestinal  in  origin. 

In  tissues  of  acid-treated  cold  exposed  mice,  a  few  cases  were 
recorded  in  which  both  coagulase-positive  and  coagulase-negative 
strains  were  found  in  the  same  individual  but  only  one  type  was  pre¬ 
sent  in  any  particular  organ.  In  cases  where  coagulase-positive 
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Duration  of 

HC1  treatment 
(Days ) 

Per  cent  of  mice 
with  nasal 
staphylococci 

Per  cent 

coagulase 

negative 

Per  cent 

coagulase 

positive 

0 

100 

(60) 

100 

0 

10* 

100 

(78) 

95 

5 

12 

100 

(80) 

100 

0 

2  8* 

100 

(10) 

90 

10 

T»bl«  VL  Stiphylooocol  reoovered  from  tho  nosos  of  mice  after  various  periods 
of  hydroohlorlo  aold  treatment  All  mice  wore  nasal  oarrlera  of  staphylococci  before 
sold  treatment.  Number  of  mloe  tested  shown  In  parentheses.  "Summer  mice. 


staphylococci  were  Isolated  from  the  tissue,  the  nasal  flora  likewise 
consisted  of  coagulase-positive  strains.  These  data,  in  conjunction 
with  those  above,  implicate  the  respiratory  tract  (nares)  as  a  pos¬ 
sible  focus  from  which  secondary  invaders  arise. 

The  data  of  Table  V  demonstrate  that  secondary  invasion  by 
staphylococci  in  normal  mice  exposed  to  cold  requires  approximately 
a  week  and  appears  to  reach  a  maximum  in  14  days.  Prior  treatment 
of  the  mice  with  hydrochloric  acid  drinking  water  did  not  alter  sig¬ 
nificantly,  moreover,  either  the  incidence  or  timing  of  staphylo¬ 
coccal  involvement  of  deep  tissue. 

In  view  of  the  above,  and  since  it  is  well  known  (Taylor  and  Dyren- 
forth,  1938)  that  acute  cold  adversely  affects  the  upper  nasal  pas¬ 
sages,  this  area  was  studied  to  determine  if  it  might  serve  as  a 
possible  portal  for  deep  tissue  invasion. 

Effect  of  acid  water  treatment  on  the  per  cent  of  mice  with  noses 
positive  for  staphylococci.  Table  VI  shows  that  the  percentage  of 
mice  with  culturable  staphylococci  from  the  nose  remains  essentially 
unaltered  regardless  of  the  experimental  procedures  to  which  the 
animals  are  subjected.  For  example,  hydrochloric  acid  drinking 
water  given  for  various  periods  up  through  28  days  did  not  lower  the 
per  cent  of  staphylococcal  nasal  carriers  among  normal  or  Giorgio 
fed  mice.  This  is  contrary  to  what  was  noted  in  the  gut  since  it  could 
be  freed  of  staphylococci  following  acid  water  treatment  and  then  re- 
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colonized  with  the  Giorgio  strain  with  great  facility.  Thus,  nasal 
staphylococci  which  are  mainly  coagulase- negative  are  found  to 
persist  unabated  in  all  228  mice  studied. 

Nasal  cultures  also  revealed  that  in  the  winter  only  coagulase- 
negntive  strains  were  harbored,  but  that  in  the  summer  a  low  in¬ 
cidence  of  positive  strains  was  also  evident.  In  a  group  of  mice  from 
which  coagulase-posltive  strains  were  isolated  from  the  tissues  for 
the  first  time,  it  was  found  that  the  stools  contained  only  coagulase- 
negatlve  staphylococci,  whereas  also  for  the  first  time  coagulase- 
positive  organisms  were  isolated  from  the  nose.  Coagulase- positive 
strains  have  never  been  isolated  from  the  tissues  of  mice  which  had 
coagulase-negative  nasal  flora.  Thus,  a  correlation  may  exist  be¬ 
tween  the  nasal  flora  and  the  organisms  isolated  from  deep  tissue 
us  secondary  invaders  in  cold  stressed  mice. 

Effect  of  acid  water  treatment  on  the  per  cent  of  salmonella 
carrier  mice  with  feces  positive  for  salmonella.  It  is  reasonable  to 
assume  that  since  hydrochloric  acid  treatment  eradicates  staphylo¬ 
cocci  from  the  gut,  the  population  of  other  members  of  the  intestinal 
microflora  may  be  likewise  altered.  This  phase  of  the  study  has  not 
been  actively  pursued,  but  results  from  a  preliminary  experiment 
using  40  mice  show  that  the  carrier  rate  for  salmonella  was  reduced 
from  80  per  cent  to  5  per  cent,  Pc. 008  (Wilcoxon,  1949),  in  24  hours 
by  using  the  acid  water  treatment.  This  indeed  appears  to  be  a  dra¬ 
matic  reduction,  but  owing  to  the  inherent  shortcomings  of  the  sam¬ 
pling  method  and  the  obvious  danger  of  generalizations  based  on  a 
single  experiment,  a  more  definite  statement  concerning  the  efficacy 
of  this  treatment  for  carrier  mice  must  await  more  intensive  studies. 


DISCUSSION 


Host  defenses  are  breached  in  animals  maintained  in  the  cold. 
The  two  levels  of  cellular  defense,  one  comprised  of  the  more  peri¬ 
pheral  wandering  phagocytes  and  the  other  the  deeper  fixed  tissues 
of  the  reticuloendothelial  system  (RES) ,  are  each  affected  by  cold  or 
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hypothermia.  Halpern  et  al.  (IS  51)  studied  the  activity  of  the  RES,  as 
judged  by  its  ability  to  clear  colloidal  carbon,  in  hypothermic  rats 
and  found  a  decided  reduction  in  function.  In  rats  at  normal  tempera¬ 
tures,  90  per  cent  of  the  carbon  was  "fixed"  in  the  RES  in  35  min¬ 
utes,  while  in  the  hypothermic  animal  29  percent  was  sequestered. 

Frohlich  (1938),  in  studies  of  wandering  phagocytes,  found  an  in¬ 
crease  in  number  of  polymorphonuclear  leucocytes  in  hypothermic 
rabbits,  as  noted  by  others,  but  up  to  65  per  cent  of  the  cells  were 
either  injured  or  were  atypical.  Similarly,  Taylor  and  Dyrenforth 
(1938)  reported  an  impairment  of  phagocytic  activity  of  fixed  tissue 
cells  in  human  subjects  immersed  in  water  at  20.3°  C.  It  was 
claimed,  moreover,  that  low  environmental  temperatures  predis¬ 
posed  to  infections,  especially  in  the  upper  respiratory  region,  but 
the  evidence  waB  not  convincing,  primarily  on  the  basis  of  sample 
size.  A  decrease  in  blood  content  of  complement  and  opsonin  was 
found  by  Wildfuhr  (1950)  in  persons  exposed  to  cold.  Thus,  the 
humoral  as  well  as  the  cellular  defense  is  said  to  be  altered  by  cold. 
In  some  host- parasite  systems,  therefore,  low  ambient  temperatures 
are  generally  deleterious  and  seem  to  enhance  not  only  an  infection 
already  underway  but  seem  to  "unmask"  any  secondary  involvement. 

Attempts  to  compare  data  obtained  from  various  laboratories 
suffer,  unfortunately,  from  the  lack  of  adequate  standardization  in 
experimental  design.  That  different  host-parasite  models  are  used 
assumes  little  importance  in  face  of  the  realization  that  not  all  in¬ 
vestigators  report  the  duration  of  the  photo  period  per  day  and  the 
housing  conditions  employed.  Furthermore,  the  term  "cold",  de¬ 
pending  on  the  investigator,  frequently  spans  sizeable  temperature 
ranges.  Even  the  conditions  used  in  the  studies  just  described  are 
quite  artificial  and  may  not  have  a  counterpart  in  nature.  Animals 
were  subjected  to  a  constant  and  unfluctuating  cold.  This  forces  them 
to  live  at  a  level  of  high  energy  expenditure  for  long  periods,  a  con¬ 
dition  seldom  known  to  occur  with  any  certainty  in  nature.  Moreover, 
the  photo  period  was  always  12  hours  of  light  per  day,  and  the  light 
intensity  was  constant.  This,  too,  of  course,  is  contrary  to  the 
naturnl  state,  in  spite  of  these  apparent  shortcomings,  the  results 
were  constant  and  reproducible.  Evidence  for  a  decreased  host 
resistance  in  the  cold  to  infection  with  S.  typhimurium  is  convincing 
and  is  even  easier  to  accept  in  view  of  the  increased  incidence  of 
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secondary  infection  with  staphylococci  in  mice  maintained  in  the 
cold. 

The  differences  in  host  behavior  at  room  temperature  and  at  low 
temperature  in  response  to  salmonella  infection  is  more  apparent  at 
infectious  dosages  below  or  at  the  approximate  LD^  level.  With 
heavier  inocula,  homeostatic  balance  becomes  erratic.  This  is 
especially  true  In  experiments  in  which  attempts  were  made  to  cul¬ 
ture  organs  for  bacterlaat the  14th post- infectionday.  In  this  regard, 
data  not  included  in  this  report  indicate  that  while  the  per  cent  of 
salmonella  positive  livers  is  greater  in  animals  held  at  5°  C  than  in 
those  at  room  temperature,  this  difference  becomes  less  pronounced 
as  heavier  inocula  are  employed.  The  per  cent  of  livers  positive  for 
staphylococci,  however,  increase  with  increasing  dosages  of  sal- 
monellae,  especially  of  strain  R1A. 

There  still  remain  to  be  answered  several  perplexing  questions. 
Not  the  least  of  these  is  the  observation  that  while  by  their  very  na¬ 
ture  staphylococcal  infections  tend  to  localize  and  form  well-defined 
foci  of  infection,  this  has  never  been  observed  in  the  hundreds  of 
animals  autopsied  during  the  course  of  these  investigations.  Gross 
examination  of  the  nasal  passages  and  sinuses  failed  to  show  a  local¬ 
ized  pathology  in  14  days,  the  usual  term  of  these  studies.  The  in¬ 
vasion  involves  lung,  heart,  kidney,  spleen  and  liver  in  an  unpre¬ 
dictable  manner  and  without  any  apparent  preference  for  any  specific 
tissues,  this  in  face  of  the  the  usual  course  of  events  in  which  the 
staphylococci  frequently  invade  the  kidneys  with  subsequent  overt 
signs. 

Paradoxical  also  has  been  the  observation  that  while  mice  fed  the 
coagulase- positive  Staphylococcus  aureus,  strain  Giorgio,  as  a  con¬ 
taminant  in  their  ration  following  acid  treatment  become  intestinal 
carriers  of  this  strain,  they  alsobecome  nasal  carriers  of  the  same 
strain,  perhaps  by  the  manner  in  which  they  eat.  This  state  rarely 
lasts  for  more  than  48  hours  nor  are  more  than  30  to  40  per  cent  of 
the  mice  such  transient  carriers.  Even  so,  these  individuals  never 
yielded  coagulase-positive  isolates  from  deep  tissue. 

It  would  appear,  then,  that  while  a  correlation  seems  to  exist  be¬ 
tween  the  flora  of  the  nose  and  that  of  deep  tissue,  this  can  not,  under 
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the  conditions  of  these  experiments,  be  altered  experimentally  so 
that  a  coagulase-positive  strain  established  artificially  in  the  host  by 
eating  infected  food  be  subsequently  made  to  invade  deep  tissue. 

♦  The  manner  in  which  infectious  agents  reach  potential  victims, 

enter  them  and  establish  themselves  with  subsequent  detriment  to 
the  host  has  been  recognized  since  the  "Golden  Era  of  Bacteriology". 
What  needs  further  elucidation  are  the  mechanisms  responsible  for 
the  absence  of  overt  disease  symptoms  in  hosts  parasitized  by 
virulent  pathogens  which  are  known  to  persist  for  long  periods  of 
time. 

The  microorganism  possessing  the  weapons  of  infectivity  and 
pathogenicity  upon  entrance  into  a  suitable  host  need  not  cause  dis¬ 
ease.  This  bespeaks  of  the  complexity  of  the  host- parasite  relation¬ 
ship.  Those  studying  the  infectious  process  have  long  been  aware 
that  many  "normal"  animals  harbor  in  their  tissues  a  variety  of 
parasites  including  viruses  and  bacteria.  There  are  reports  in  the 
literature  of  a  high  incidence  of  the  virus  of  polio  and  herpes  sim¬ 
plex  and  the  microbe  of  tuberculosis,  indicatingthat  the  ability  of  the 
animal  to  remain  free  of  clinical  signs  despite  invasion  exceeds  its 
ability  to  prevent  microbial  and  viral  penetration.  Thus,  it  may  not 
be  surprising  that  staphylococci  are  found  in  deep  tissues  of  mice, 
but  why  its  incidence  is  increased  when  the  host  is  stressed  by  cold 
or  cold  and  primary  infection  requires  answer. 

There  is  every  reason  to  believe  that  there  are  a  number  of  agents 
that  may  parasitize  man  without  his  knowledge  and  are  exacerbated 
only  during  periods  of  stress.  There  are,  for  example,  reports 
suggesting  that  herpes  simplex  expresses  its  clinical  picture  during 
physical  unci  emotional  disturbances.  Likewise,  clinical  tuberculosis 
is  manifested  in  patients  stressed  by  poor  nutrition  or  debilitated  by 
another  disease  (primary  infection).  Thus,  pathogens  or  potential 
pathogens  can  and  in  some  instances  do  persist  without  clinical 
symptoms.  Detection  of  these  elusive  agents  depends  upon  adequate 
procedures  and,  therefore,  come  to  light  only  after  requisite  ad¬ 
vances  in  technology.  Recovery  of  sulmonellae  from  the  excreta  of 
individuals  with  typhoid  fever,  or  from  the  blood  and  other  tissues 
during  certain  stages  of  the  infection,  can  be  accomplished  success¬ 
fully  with  present  bacteriological  methods.  However,  when  the  host 
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is  a  carrier  (asymptomatic),  attempts  to  culture  the  organism  be¬ 
come  more  difficult.  This  aspect  of  the  problem  is  not  unique  for 
analogies  exist  in  other  systems.  In  rodents,  the  etiological  agent  of 
pseudotuberculosis  cannot  be  isolated  from  the  animal  inthe  normal 
state,  but  can  be  induced  to  multiply  rapidly  in  individuals  under 
stress  or  those  given  large  doses  of  cortisone. 

It  is  reasonable  to  assume  that  the  nature  of  the  infected  tissue 
itself  may  contribute  to  the  difficulty  attending  efforts  to  uncover 
the  presence  of  pathogens.  Tissue  fluids  containing  either  antibodies 
or  other  inhibitors  transferred  along  with  the  pathogen  may  prevent 
its  ultimate  detection  not  because  of  its  absence  but  because  its 
multiplication  on  suitable  substrate  is  prevented.  It  becomes 
necessary  under  these  conditions  to  remove  the  effect  of  the  in¬ 
hibitory  substances  either  by  simple  dilution  or  by  more  sophisti¬ 
cated  procedures  before  the  pathogen  can  be  successfully  demon¬ 
strated.  Since  uncovering  procedures  are  implemented  only  with 
considerable  difficulty,  a  more  indirect  approach  might  be  utilized 
in  attempts  at  "unmasking";  that  is,  by  stressingthe  host  to  a  level 
where  its  influence  on  the  parasite  becomes  minimized.  An  ex¬ 
plosive  replication  of  the  pathogen  would  then  permit  its  presence  to 
be  detected  by  standard  procedures.  A  strategem  of  this  type  suc¬ 
cessfully  executed  would  do  much  to  broaden  our  knowledge  of 
agents  whose  presence  otherwise  escapes  us. 

In  recent  years,  virologists  have  provided  additional  evidence 
that  latent  viral  infections  are  common  to  man  as  well  as  animals. 
Data  are  also  accumulating  which  suggest  that  latent  infections  of 
bacterial  etiology  may  be  equally  common.  Approximately  half  of 
the  normal  population  harbor  in  their  nasopharynx  coagulase- 
positive  staphylococci,  and  undoubtedly  other  agents  willbedetected 
when  sought  with  greater  effort. 

That  such  infections  exist  and  are  capable  under  the  proper  con¬ 
ditions  of  causing  overt  disease  more  than  justifies  any  attempts  at 
applying  in  carefully  controlled  experiments  stressors  which  will 
assist  in  their  detection. 
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SUMMARY 


1.  The  LDgg  dose  for  mice  of  S.  typhimurium,  strain  RIA,  is 
4.1  x  10®  cells  per  mouse  for  animals  individually  housed  without 
bedding  and  maintained  at  25°  C.  It  is  3.8  x  103  cells  per  mouse  for 
animals  similarly  housed  but  kept  at  5°  C. 

2.  No  effect  of  cold  could  be  detected  in  mice  infected  with  the 
highly  virulent  SR-11  strain  of  S.  typhimurium  since  all  animals  died 
following  infection  with  only  a  few  cells.  Mice  that  were  natural 
carriers  of  salmonellae  as  judged  by  fecal  discharge  were  highly 
resistant  to  challenge  and  responded  to  cold  in  a  manner  similar  to 
normal  mice  infected  with  RIA. 

3.  Strain  RIA  could  be  isolated  from  the  tissues  of  infected  ani¬ 
mals  with  greater  frequency  and  persisted  longer  in  mice  main¬ 
tained  at  5°  C  than  those  at  25°  C. 

4.  Staphylococci  were  isolated  from  livers  of  animals  that  sur¬ 
vived  salmonella  infection  for  14  days  at  5°  C  and  the  incidence  of 
staphylococci  was  proportional  to  the  number  of  salmonellae  in¬ 
jected.  At  25°  C,  only  a  small  percentage  of  mice  had  staphylococci 
in  tissues  and  these  occurred  independent  of  the  infectious  dose  of 
salmonellae.  These  observations  were  made  on  normal  mice  infected 
with  RIA  and  on  carrier  mice  infected  with  SR-11. 

5.  The  feeding  of  0.01  N  hydrochloric  acid  to  mice  in  lieu  of 
drinking  wnter  is  apparently  harmless  to  the  general  well-being  of 
the  animals  under  the  conditions  indicated,  but  rids  the  gut  of  all 
culturable  staphylococci  in  five  to  seven  days  in  experiments  con¬ 
ducted  in  the  winter.  The  period  of  hydrochloric  acid  treatment  must 
be  extended  to  achieve  comparable  results  in  summer  studies. 
Neither  ridding  the  gut  of  the  normally  present  coagulase- negative 
staphylococci  nor  establishing  a  coagulase-positive  strain  by  the 
feeding  of  contaminated  foal  altered  the  incidence  of  tissue  invasion 
by  coagulase- negative  organisms. 

6.  Hydrochloric  acid  treatment  failed  to  alter  the  incidence  of 
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nasal  staphylococcal  carriers.  Hence,  the  origin  of  the  secondary 
Invading  staphylococci  appears  to  be  the  upper  respiratory  tract  and 
not  the  gut;  however,  coagulase- positive  strains  artificially  estab¬ 
lished  in  the  nose  by  eating  infected  food  could  not  be  made  to  invade 
deep  tissue. 
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DISCUSSION 


NUNGESTER:  Here,  again,  we  have  the  problem  of  the  hypo¬ 
thermic  animal  apparently  secondarily  invaded  more  frequently 
than  an  animal  kept  at  the  normal  ambient  temperature. 

MIRAGLIA:  Did  you  say  hypothermic  animal? 

NUNGESTER:  Yes. 

MIRAGLIA:  We  fly  to  be  very  careful  to  avoid  this.  The  normal 
controls  were  not  hypothermic,  but  of  course  when  the  animal 
is  infected,  the  temperature  does  go  down. 

BERRY:  I  would  just  like  to  ask  an  obvious  question.  Should 
this  be  called  a  secondary  infection?  If  infection  implies  any 
disadvantage  to  the  host,  I  am  not  sure  this  is  an  infection  in 
these  mice.  It  is  an  interesting  observation,  however.  Dr.  Miraglia 
is  attempting  to  establish  coagulase-positive  staphylococci  in 
the  respiratory  tract  to  see  if  he  can  then  isolate  coagulase- 
positive  staphylococci  from  the  deep  tissues.  If  it  can  be  achieved 


294 


SECONDARY  BACTERIAL  INFECTION  IN  MICE 


with  a  highly  virulent  organism,  then  perhaps  a  real  secondary 
infection  can  be  established.  This  is  the  direction  that  the  work 
is  now  taking,  so  the  dream  of  studying  secondary  infections 
may  yet  come  true. 

ANDREWES:  May  I  make  a  rather  philosophical  comment  which 
applies  to  all  the  papers  we  have  heard  this  morning?  It  seems 
to  me  that  in  every  case,  we  have  been  presented  with  facts 
which  are  rather  difficult  to  explain,  and  I  think  the  reason  is 
that,  in  these  various  instances,  we  don't  know  exactly  why  the 
animal  dies  when  it  dies,  what  kills  it,  nor  do  we  know  what 
saves  the  animal  when  the  different  mechanisms  are  operating. 
It  seems  to  me  that  in  every  instance,  if  only  we  knew  why  the 
animal  died  and  more  details  about  what  saved  it,  we  would 
be  able  to  isolate  the  various  factors  and  pin  down  what  it  is 
that  iB  affected  by  chilling.  In  Dr.  Miya's  paper,  for  instance, 

I  was  very  struck  with  the  fact  that  from  what  he  reported  and 
from  what  other  people  have  reported,  it  didn't  look  as  if  chilling 
had  a  tremendous  effect  on  the  amount  of  antibody  which  was 
formed,  and  yet  in  his  chilled  and  unadapted  mice,  the  immunity 
mechanism,  which  on  paper  was  perfectly  adequate,  failed  to 
work.  Now,  why  wouldn't  it  work;  what  is  the  difference  be¬ 
tween  these  two  groups  of  mice?  If  we  knew  what  sort  of  thing, 

I  think  we  might  understand  how  cold  works.  I  am  not  suggesting 
that  we  should  abandon  all  work  on  chilling  until  we  know  the 
answered  to  these  fundamental  questions,  because  I  think  it 
is  possible  that  studying  the  chilling  may  help  us  to  understand. 
What  we  need  is  for  experiments  going  on  in  parallel  on  the 
mechanism  which  operates  under  normal,  ordinary  circum¬ 
stances,  combined  with  more  experiments  on  the  effect  of  chilling. 

I  am  sorry  if  all  that  appeal’s  platitudinous. 

NUNGESTER:  I  think  it  is  very  appropriate  that  tills  state¬ 
ment  be  made,  and  this  point  of  view  be  brought  out.  Just  ask 
a  simple  question:  why  do  you  have  a  fever  when  you  have  an 
infection? 

CAMPBELL:  Well,  along  the  same  lines,  there  are  mechanisms 
of  defense  other  than  antibody,  of  course.  So  I  was  wondering 
what  happens  to  the  phagocytic  cells  and  the  lymphocytes? There 
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must  have  been  some  studies  along  this  line. 

MIRAGLIA:  There  have  been  some  studies  along  these  lines, 
and  it  appears  that  there  is  an  increase  in  the  number  of  phago¬ 
cytes  when  an  animal  is  subjected  to  cold,  but  their  capacity 
to  phagocytize  and  digest  is  greatly  impaired.  No,  we  have  tried 
to  mimic  the  effect  of  cold  by  using  known  RES  suppressants, 
such  as  Proferrin,  and  we  have  been  somewhat  successful  in 
this,  but  we  need  to  do  a  great  deal  more  work. 

BERRY:  Just  by  chance,  I  have  a  slide.  This  shows  carbon 
clearance  following  intravenous  injection  into  mice.  Almost  com¬ 
plete  clearance  is  accomplished  in  about  thirty  minutes.  Ani¬ 
mals  kept  at  5°  C  for  two  hours  and  eighteen  hours  were  injected 
with  carbon  and  compared  with  mice  housed  at  25°  C.  There 
is  not  a  dramatic  difference,  but  it  is  statistically  significant. 
We  have  no  other  data  at  the  present  time  which  evaluates  the 
effect  of  cold  on  the  activity  of  the  reticuloendothelial  system. 

I  was  talking  with  Derrick  Roily  of  the  University  of  Adelaide 
in  Montreal,  and  he  suggested  that  we  use  labeled  bacterial  cells 
rather  than  carbon;  then,  he  said,  we  would  probably  get  a  com¬ 
pletely  different  type  of  result.  We  shall  certainly  try  to  do  this 
very  promptly  now. 

NUNGESTER:  These  results  were  in  what  animal,  and  for  how 
long  had  it  been  chilled? 

BERRY:  The  straight  line  applies  to  two  different  groups; 
mice  chilled  for  two  hours,  and  mice  chilled  for  eighteen  hours. 
The  two-hour  time  period  and  the  eighteen-hour  time  period 
gave  similar  results.  We  used  the  two-hour  time  period  be¬ 
cause  by  then  the  body  temperature  has  dropped. 

MIYA:  I'd  like  to  answer  Sir  Christopher.  I  don't  want  to  sound 
like  I  keep  harping  on  this  psychological  effect,  but  if  you  will 
recall  from  the  slide  with  respect  to  the  Klebsiella  pneumoniae, 
the  isolated  mice,  singly  caged  and  immunized,  were  not  pro¬ 
tected  under  acute  cold  stress.  These  mice  are  subject  to  a 
stress  of  cold,  a  stress  of  isolation,  and  a  stress  of  challenge, 
which  makes  a  total  of  three  stresses;  whereas,  their  counter- 
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parts  housed  in  groups  have  only  the  stress  of  cold,  plus  .the  stress 
of  challenge.  If  you  talk  In  terms  of  how  many  stresses  are  actually 
applied  to  the  experimental  animal,  it  may  be  a  quantitative  thing 
that  you  could  put  your  finger  on.  Let's  say  it  is  the  function 
»  of  the  total  stress  as  applied  to  the  organism,  and  I  think  this 

can  be  tested  by  taking  a  singly-caged  animal  and  placing  it 
at  room  temperature  in  a  cage  which  has  an  electrical  charge 
to  it,  then  you  have  the  three  stresses.  You  can  induce  as  many 
more  stresses  as  you  see  fit. 

V1ERECK:  Dr.  Miya,  do  I  understand  you  to  say  that  isolation 
is  a  stress?  Usually,  in  theories  of  population  dynamics,  den¬ 
sities,  a3  they  get  greater,  are  considered  to  be  more  stress¬ 
ful.  I  know  you  are  dealing  with  animals  in  the  cold,  but  it  sounded 
like  you  considered  isolation,  per  se,  without  cold,  to  be  a  stress 
to  an  animal.  What  is  your  evidence? 

MIYA:  Well,  I  don't  have  any  for  an  animal,  but  I  think  in  terms 
of  human  beings. 

V1ERECK:  High  population  density  has  been  studied  as  a  stress 
in  humans. 

MIYA:  I  think  I  could  survive  longer  in  Alaska  with  one  other 
person  to  talk  to  than  just  by  myself. 

MITCHELL:  Mice  are  happy  only  when  they're  alone. 

MIRAGLIA:  I  don't  wish  to  minimize  the  psychological  effect, 
but  we  have  conducted  experiments  with  both  group-housed  and 
isolated  animals  at  room  temperature,  and  the  LDgQ  is  not  al¬ 
tered,  so  using  this  criteria  alone,  which,  to  be  sure,  is  not 
enough  by  itself,  there  is  no  psychological  effect  of  isolation. 

REINHARD:  It  seems  to  me  that  the  investigators  here  are 
facing  the  extreme  difficulty  of  separating  the  effect  of  one  type 
t  of  flora  from  another.  And  you  have  to  go  to  extreme  kinds  of 

manipulations,  like  feeding  hydrochloric  acid  to  rid  a  beast  of 
one  or  other  organisms.  I  wonder,  in  this  day  and  age  of  germ- 
free  animals,  whether  the  latter  would  not  be  more  suitable 
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subjects  for  the  study  of  the  effect  of  individual  species  of  bac¬ 
teria  in  individual  animals. 

NUNGESTER:  That  would  be  very  interesting  except  for  the 
price. 

BERRY:  The  germ-free  animal  is  a  highly  artificial  animal, 
let  me  say. 

REINHARD:  That  is  true.  And  so  is  the  animal  that  is  rid  of 
any  one  part  of  the  flora  by  the  rather  rigorous  means  that  have 
been  described. 

PREVITE:  Getting  back  to  Sir  Christopher's  comments  and 
Dr.  Campbell's  comments,  in  a  very  light  vein  I  would  like  to 
mention  that  work  has  been  done  by  some  Hungarian  workers. 
They  have  reported  on  studies  of  the  complement  titers,  and 
phagocytic  capacity  of  Guinea  pigs  after  acclimatization  to  cold. 
The  animals  were  housed  outdoors  during  winter  and  warmer 
seasons  of  the  year.  I  was  very  excited  about  these  papers  some 
time  ago.  However,  their  third  paper  strongly  implied  that  those 
animals  housed  outdoors  in  the  cold  passed  on  greater  immunity 
to  disease  because  of  the  inheritance  of  acquired  characteristics. 

BERRY:  Coming  back  to  Sir  Christopher's  remark  about  the 
immunized  mice  showing  an  effect  of  cold,  whereas  the  non- 
immunized  mice  do  not.  Cold  has  a  subtle  influence  on  host- 
parasite  interaction,  and  if  one  is  dealing  with  a  highly  viru¬ 
lent  organism  that  is  certain  to  kill  the  animal,  then  cold  will 
not  modify  this  relationship.  If  one  has  a  relationship  that  is 
more  nearly  in  balance,  one  that  can  go  either  way,  then  cold 
can  tip  the  balance  and  produce  an  effect  either  way.  The  cause 
of  death  in  an  infectious  disease  is  another  point,  and  something 
that  we  all  need  to  know  more  about.  There  are  a  few  people 
foolish  enough  to  work  on  this  problem,  and  I  hope  more  will 
tackle  it,  because  ultimately,  infeotious  diseases  must  be  under¬ 
stood  at  a  metabolic  level.  As  difficult  as  it  is,  I  would  like 
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to  make  a  plea  that  everyone  keep  the  problem  in  mind,  and  when¬ 
ever  there  is  a  chance,  throw  light  on  it. 
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ABSTRACT 

Two  problems  arise:  (1)  Does  cold  really  precipitate  colds  in  individuals  ?  (2)  Why 
are  colds  commonor  In  summer?  Are  these  two  problems  or  only  one  problem? (1) 
The  popular  belief  that  cold  or  damp  can  precipitate  a  cold  is  very  strong.  Experi¬ 
ments  at  the  Salisbury  Common  Cold  Unit  failed  to  confirm  the  notion.  Can  the  belief 
bo  duo  to  popular  confusion  between  cause  (fall  in  temperature)  and  the  earliest  symptom 
(u  fooling  of  chilliness);  or  does  this  effect  of  cold  only  act  in  certain  infrequent  in¬ 
dividuals  or  nt  ccrtnin  infrequent  moments,  when  virus  in  a  latent  state  can  be  acti¬ 
vated?  Chilling  does  not  seem  to  nctlvnte  colds  in  small  isolated  communities  in  the 
Arctic  or  elsewhere.  (2)  Colds  are  certainly  commoner  in  temperate  zones  in  winter 
than  in  summer.  Many  observers  report  three  waves  -  one  in  September- October, 
one  In  January,  and  often  a  third,  lesser  one  in  March,  Very  many  things  can  be  cor¬ 
related  with  change  in  season;  but  which  are  the  important  ones? There  is  little  evi¬ 
dence  that  tomperature  is  Itsolf  the  direct  cause,  Bather  better,  but  still  unconvincing, 
evidence  might  implicate  humidity,  perhaps  because  cold  viruses  could  survive  better 
in  the  air  at  low  relative  humidities.  A  "winter  factor"  could  operate  in  such  a  way, 
favouring  tho  virus'  survival,  or  indirectly  through  change  in  people's  habits,  again 
permitting  more  cross-infections  to  occur.  There  mny  be  "conditioned  epidemics", 
a  virus  such  as  Influenza  being  seeded  into  a  population  but  not  manifesting  itself  un¬ 
til  conditions,  perhaps  meteorological  ones,  are  favourable.  Possibly  the  physiology 
of  tho  respiratory  mucosa  Is  all  important.  A  homoeostatic  mechnnism  mny  not  re¬ 
spond  promptly  enough  to  environmental  changes  nnd  virus  attack  may  be  favoured 
at  this  "unguarded  hour",  decent  work  at  Salisbury  nnd  elsewhere,  permitting  identi¬ 
fication  and  titration  of  "Uhl noviruses"  offers  hope  of  a  direct  attack  on  some  of 
these  questions.  Understanding  of  the  nutural  history  of  colds  may  offer  better  hope 
of  controlling  such  infoclions  than  a  programme  directed  towards  specific  viruses. 


I  have  not  come  all  the  way  to  Alaska  to  tell  you  what  the  relation 
between  cold  and  colds  is;  rather,  I  have  come  in  hope  that  in  the 
discussion  following  my  remarks  some  light  may  be  shed  on  the 
obscurity  which  veils  this  subject.  Why  are  colds  called  "colds"? 
Is  It  because  the  subject  feels  cold,  or  is  it  because  chilling  is 
thought  to  precipitate  an  attack?  Or  perhaps  because  colds  come  at 
the  cold  season  of  the  year  ?  We  have  really  to  consider  two  prob- 
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lems  which  may  or  may  not  turn  out  to  be  one  and  the  same  prob¬ 
lem:  1)  Does  chilling  really  set  off  a  cold  infection  and  if  so  how? 
2)  Why  are  colds  commoner  in  winter  than  in  summer?  In  other 
words,  is  the  seasonal  prevalence  of  colds  simply  due  to  a  sum¬ 
mation  of  the  effect  of  chilling  on  individuals?  At  the  moment  there 
is  good  scientific  evidence  that  colds  are  in  fact  commoner  in  winter. 
Evidence  as  to  the  effect  on  the  individual  is  more  doubtful. 


Cold  and  Colds  in  Individuals 

Many  people  are  quite  confident  that  chilling  will  bring  on  a  cold 
in  them,  and  they  nearly  all  say  that  this  can  happen  within  an  hour 
or  two.  A  friend  of  mine  has  to  take  time  off  when  she  wants  her 
hair  washed,  as  it  must  be  dried  immediately  and  properly,  other¬ 
wise  she  "invariably  gets  a  cold".  We  have  offered  to  test  this  ex¬ 
perimentally  but  have  met  with  no  co-operation. 

Experiments  were  conducted  at  the  Common  Cold  Research  Unit 
at  Salisbury  to  test  the  effects  of  chilling.  In  this  unit,  volunteers 
come  for  ten  days  at  a  time,  having  offered  their  services  as  "human 
guinea-pigs".  They  are  kept  isolated,  usually  in  pairs,  and  appropri¬ 
ate  precautions  are  taken  so  that  there  is  no  subjective  bias  in  de¬ 
ciding  whether  or  not  our  experimental  procedures  have  given  them 
a  cold.  In  an  experiment  several  years  ago,  we  took  three  groups  of 
six  volunteers  (Andrewes,  19  50).  The  three  pairs  inone  group  were 
given  diluted  virus,  which  was  expected  to  produce  only  a  few  colds. 
Another  six  were  soaked  in  hot  baths  and  then  made  to  stand,  un¬ 
dried,  in  their  bathing  dresses  in  a  draughty  corridor  for  30  min¬ 
utes.  After  that,  they  wore  wet  socks  for  some  hours.  A  third  group 
of  six  received  the  dilute  virus  plus  the  chilling  treatment.  Chilling 
alone  produced  no  colds.  The  "Virus  alone"  group  got  two  colds, 
while  the  group  with  virus  plus  chillingdeveloped  four  colds.  Inter¬ 
esting,  but  not  statistically  significant.  We  repeated  the  experiment 
and  again  chilling  alone  did  nothing.  But  inthe  other  two  groups  the 
result  was  reversed;  there  were  fewer  colds  with  chilling  than 
without  it.  In  a  third  experiment  our  volunteers  went  for  a  walk  in 
the  rain;  on  returning  rather  cold  and  tired,  they  found  that  we  had 
turned  off  the  heat  in  their  quarters.  They  were  treated  in  three 
groups  as  before,  and,  as  in  the  second  test,  chilling  was  not  seen  to 
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have  any  effect  in  predisposing  to  colds.  Dowling  et  al.  (1958)  re¬ 
ported  similar  findings. 

There  is  quite  an  extensive  literature,  reviewed  byThomson  and 
Thomson  (1932),  on  the  effect  on  the  nasal  mucosa  of  chilling 
applied  locally  to  the  nose,  to  the  whole  body,  or  to  the  feet.  The  ex¬ 
periments  have  mostly  been  carried  out  in  hope  of  determining  why 
chilling  causes  colds.  No  evidence  is  adduced  on  the  preliminary 
question  of  whether  chilling  causes  colds.  Mudd  and  Grant  (1919), 
amongst  others,  found  that  cooling  the  body  surface  causes  blanching 
of  the  upper  respiratory  mucosa,  and  a  fall  in  temperature  there  of 
rather  less  than  1°  C.  Cooling  of  the  feet  alone  was  rather  less 
effective.  Different  observers  are  not  in  agreement  as  to  whether 
local  draughts  playing  upon  the  nose  are  more  or  less  effective  than 
cooling  of  the  body  generally.  Schmidt  and  Kairies  (1931)  confirmed 
other  observers  that  chilling  caused  mucosal  ischaemia.  This  hap¬ 
pened  to  everyone  they  tested,  but  the  rate  of  return  to  normal  was 
very  variable,  a  fact  having  possible  bearing  on  varying  suscepti¬ 
bility  to  colds.  There  is  one  report  that  chilling  causes  increased 
acidity  in  the  saliva  with  a  suggestion  that  nasal  secretion  may  be 
similarly  affected;  this,  if  true,  could  perhaps  be  related  to  the 
rather  acid  conditions  which  common  cold  viruses  seem  to  like  in 
tissue-culture.  Draughts  could,  of  course,  operate  by  causing  local 
desiccation  and  hence  temporary  stagnation  in  the  sheet  of  mucus 
which  is  normally  flowing  continuously  backwards  over  the  mucous 
membranes...  But  1  am  in  danger  of  becoming  fascinated  by  these 
reports  of  thirty  years  ago  and  am  being  entrapped  into  discussing 
"how"  and  avoiding  the  question  of  "whether". 

I  offer  for  discussion  three  possible  explanations  of  the  conflict 
between  popular  belief  in  this  matter  and  our  own  experimental 
findings. 

The  first  is  that  the  popular  belief  is  a  fairy-tale,  having  no  real 
basis  in  fact.  The  second  is  that  people  confuse  early  symptoms 
with  cause.  Assuming,  as  I  do,  that  a  common  cold  is  essentially  a 
virus  infection,  it  is  hard  to  explain,  on  any  hypothesis,  how  this 
could  be  "full-blown"  within  an  hour  or  two  of  the  chilling  episode, 
as  is  usually  reported.  Is  it  not  more  likely  that  an  early  symptom 
of  the  virus  infection  is  an  undue  sensitivity  to  the  effects  of  the 
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physiological  adjustments  which  follow  a  fall  in  temperature?  Most 
people  not  infrequently  get  wet  feet  or  sit  in  draughts  without  feeling 
chilly  and  without  a  subsequent  cold;  these  incidents  they  forget. 

I  must  digress  before  putting  forward  my  third  explanation.  There 
is  evidence  as  regards  several  respiratory  virus  infections,  and 
more  particularly  influenza,  that  virus  may  be  widelyseeded  into  a 
population  and  yet  not  give  rise  to  an  immediate  epidemic.  Something 
has  to  be  right  before  the  outbreak  can  get  started.  Particularly  re¬ 
markable  was  the  way  in  which  the  A2,  commonly  called  Asian  in¬ 
fluenza,  spread  rapidly  in  tropical  countries,  yet  was  seeded  fairly 
freely  into  North  America  and  Europe  some  months  before  anything 
very  much  happened  there.  With  onset  of  cooler  weather,  the  epi¬ 
demic  broke  out.  Common  cold  viruses  have  occasionallybeen  iso¬ 
lated  from  normal  noses  and  it  is  not  unlikely  that  in  some  people 
they,  like  some  other  viruses,  may  be  in  a  state  of  unstable  equi¬ 
librium  with  their  host,  awaiting  activation  by  an  appropriate  stim¬ 
ulus.  We  may  not  have  induced  in  any  of  our  comparatively  few 
volunteers  the  right  kind  of  equilibrium  with  the  virus  we  gave  them; 
it  may  be  only  a  small  percentage  of  the  population  in  which  chilling 
would  upset  a  balance  and  unleash  a  cold. 

One  thing  seems  fairly  certain.  In  small  isolated  communities  in 
the  Arctic,  Antarctic,  or  elsewhere,  cold  viruses  are  lost  or  else 
the  members  of  the  small  community  soon  become  immune  to  the 
viruses  circulating  amongst  them  (Paul  and  Freese,  1933).  Chilling 
does  not  induce  colds  in  them  unless  there  is  some  contact  with  the 
outside  world  which  could  possibly  introduce  fresh  viruses.  Many  of 
you  will  be  able  to  tell  me  if  1  am  misinformed  in  this  matter. 

Season  and  Outbreaks  of  Colds 

Let  us  now  turn  to  cold  and  its  effects  on  the  incidence  of  colds 
in  large  populations.  Every  chart  I  have  seen  tells  the  same  story: 
colds  are  much  more  frequent  in  winter  than  in  summer.  One  obser¬ 
ver  (Lederer,  1928)  asserts  that  summer  colds  are  more  often 
sporadic  and  not  associated  with  other  cases  in  the  family.  In  the 
Northern  Hemisphere  there  is  commonly  a  peak  in  the  incidence  of 
colds  with  the  onset  of  cooler  weather  in  September  and  October,  a 
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second  peak  early  in  the  New  Year,  and,  less  regularly,  a  third 
lower  peak  about  March.  The  New  Year  peak  corresponds  to  the 
favourite  period  for  Influenza  A  epidemics.  There  are  very  many 
differences  between  summer  and  winter,  not  only  in  temperature 
and  humidity,  but  in  resulting  changes  in  our  habits,  our  dress,  and 
our  diet;  and  itis  extremely  difficult  to  pin-point  any  one  of  these  as 
responsible  for  the  winter  increase  in  colds.  Undoubtedly,  a  fall  in 
temperature  precedes  an  outbreak  of  colds,  but  low  temperature  as 
such  does  not  do  bo;  it  is  the  change  that  matters.  Milam  and  Smillie 
(1931)  found  that  on  the  tropical  island  of  St.  John, the  daily  variation- 
over  a  range  of  6.5°  C-  was  the  same  as  the  difference  between  the 
summer  and  winter  maxima  (6.5°  C  to  8°  C);  yet  colds  were  virtu¬ 
ally  absent  from  late  May  to  late  October.  They  thought  that  with 
smaller  temperature  changes,  colds  were  both  scarcer  and  milder 
than  in  colder  climates.  Van  Loghem  in  Holland  (1928)  and  also  ob¬ 
servers  in  North  America  have  recorded  that  outbreaks  of  colds 
occur  simultaneously  over  wide  areas  of  the  country.  It  is  very  dif¬ 
ficult  to  explain  this  on  any  theory  of  simple  person-to-person 
spread.  The  outbreaks  seem  rather  to  be  precipitated  by  temperature 
changes. 

Several  writers  consider  that  relative  humidity  is  more  important 
than  temperature,  Hemmes  et  al.  (I960)  reported  that  the  virus  of 
Influenza,  a  winter  infection,  survived  better  in  the  air  under  con¬ 
ditions  of  low  than  of  high  humidity,  whereas  the  virus  of  poliomye¬ 
litis,  a  summer  disease,  behaved  in  an  opposite  manner.  Hope 
Simpson  (1958)  has  pointed  out  that  with  the  onset  of  colder  weather, 
people  light  fires  indoors,  or  turn  on  the  central  heating,  thus 
causing  a  considerable  drop  in  relative  humidity.  At  just  such  times 
he  sees  in  his  practice  a  sudden  increase  in  upper  respiratory  in¬ 
fections.  He  does  not  venture  to  suggest  whether  this  could  be  due 
to  better  survival  of  viruses  in  the  air,  as  Hemmes'  results  would 
indicate,  or  to  some  effect  on  the  host's  resistance.  The  effect  on 
virus  survival  seems  unlikely,  for  rhinovlruses  or  common  cold 
viruses  are  closely  related  in  their  fundamental  properties  to  the 
enteroviruses,  which  include  poliovirus;  and  their  stability  at  various 
relutive  humidities  resembles  that  of  the  poliomyelitis  rather  than 
of  the  influenza  virus.  So  on  Hemmes'  line  of  reasoning,  colds 
should  be  a  summer  disease.  Further,  the  fall  in  relative  humidity 
which  Hope-Simpson  records  as  happening  in  the  autumn,  is  only 
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second  peak  early  in  the  New  Year,  and,  less  regularly,  a  third 
lower  peak  about  March.  The  New  Year  peak  corresponds  to  the 
favourite  period  for  Influenza  A  epidemics.  There  are  very  many 
differences  between  summer  and  winter,  not  only  in  temperature 
and  humidity,  but  in  resulting  changes  in  our  habits,  our  dress,  and 
our  diet;  and  itis  extremelydifficultto  pin- point  any  one  of  these  as 
responsible  for  the  winter  increase  in  colds.  Undoubtedly,  a  fall  in 
temperature  precedes  an  outbreak  of  colds,  but  low  temperature  as 
such  does  not  do  so;  it  is  the  change  that  matters.  Milam  and  Smillie 
(1931)  found  that  on  the  tropical  island  of  St.  John,the  daily  variation- 
over  a  range  of  6.5°  C-  was  the  same  as  the  difference  between  the 
summer  and  winter  maxima  (6.5°  C  to  8°  C);  yet  colds  were  virtu¬ 
ally  absent  from  late  May  to  late  October.  They  thought  that  with 
smaller  temperature  changes,  colds  were  both  scarcer  and  milder 
than  in  colder  climates.  Van  Loghem  in  Holland  (1928)  and  also  ob¬ 
servers  in  North  America  have  recorded  that  outbreaks  of  colds 
occur  simultaneously  over  wide  areas  of  thecountry.lt  is  very  dif¬ 
ficult  to  explain  this  on  any  theory  of  simple  person-to-person 
spread.  The  outbreaks  seem  rather  tobe  precipitated  by  temperature 
changes. 

Several  writers  consider  that  relative  humidity  is  more  important 
than  temperature,  Hemmes  et  al.  (1960)  reported  that  the  virus  of 
influenza,  a  winter  infection,  survived  better  in  the  air  under  con¬ 
ditions  of  low  than  of  high  humidity,  whereas  the  virus  of  poliomye¬ 
litis,  a  summer  disease,  behaved  in  an  opposite  manner.  Hope 
Simpson  (1958)  has  pointed  out  that  with  the  onset  of  colder  weather, 
people  light  fires  indoors,  or  turn  on  the  central  heating,  thus 
causing  a  considerable  drop  in  relative  humidity.  At  just  such  times 
he  sees  in  his  practice  a  sudden  increase  in  upper  respiratory  in¬ 
fections.  He  does  not  venture  to  suggest  whether  this  could  be  due 
to  better  survival  of  viruses  in  the  air,  as  Hemmes'  results  would 
indicate,  or  to  some  effect  on  the  host's  resistance.  The  effect  on 
virus  survival  seems  unlikely,  for  rhinoviruses  or  common  cold 
viruses  are  closely  related  in  their  fundamental  properties  to  the 
enteroviruses,  which  include  poliovirus;  and  their  stability  at  various 
relative  humidities  resembles  that  of  the  poliomyelitis  rather  than 
of  the  influenza  virus.  So  on  Hemmes'  line  of  reasoning,  colds 
should  be  a  summer  disease.  Further,  the  fall  in  relative  humidity 
which  Hope-Slmpson  records  as  happening  in  the  autumn,  is  only 
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second  peak  early  In  the  New  Year,  and,  less  regularly,  a  third 
lower  peak  about  March.  The  New  Year  peak  corresponds  to  the 
favourite  period  for  Influenza  A  epidemics.  There  are  very  many 
differences  between  summer  and  winter,  not  only  in  temperature 
and  humidity,  but  in  resulting  changes  in  our  habits,  our  dress,  and 
our  diet;  and  itis  extremely  difficult  to  pin-point  any  one  of  these  as 
responsible  for  the  winter  Increase  in  colds.  Undoubtedly,  a  fall  in 
temperature  precedes  an  outbreak  of  colds,  but  low  temperature  as 
such  does  not  do  so;  itis  the  change  that  matters.  Milam  and  Smillie 
(1931)  found  that  on  the  tropical  island  of  St.  John, the  daily  variation- 
over  a  range  of  6.5°  C-  was  the  same  as  the  difference  between  the 
summer  and  winter  maxima  (6.5°  C  to  8°  C);  yet  colds  were  virtu¬ 
ally  absent  from  late  May  to  late  October.  They  thought  that  with 
smaller  temperature  changes,  colds  were  both  scarcer  and  milder 
than  in  odder  climates.  Van  Loghem  in  Holland  (1928)  and  also  ob¬ 
servers  in  North  America  have  recorded  that  outbreaks  of  colds 
occur  simultaneously  over  wide  areas  of  thecountry.lt  is  very  dif¬ 
ficult  to  explain  this  on  any  theory  of  simple  person-to-person 
spread.  The  outbreaks  seem  rather  to  be  precipitated  by  temperature 
changes. 

Several  writers  consider  that  relative  humidity  is  more  important 
than  temperature.  Hemmes  et  al.  (1960)  reported  that  the  virus  of 
influenza,  a  winter  infection,  survived  better  in  the  air  under  con¬ 
ditions  of  low  than  of  high  humidity,  whereas  the  virus  of  poliomye¬ 
litis,  a  summer  disease,  behaved  in  an  opposite  manner.  Hope 
Simpson  (1958)  has  pointed  out  that  with  the  onset  of  colder  weather, 
people  light  fires  indoors,  or  turn  on  the  central  heating,  thus 
causing  n  considerable  drop  in  relative  humidity.  At  just  such  times 
he  sees  in  his  practice  a  sudden  increase  in  upper  respiratory  in¬ 
fections.  He  does  not  venture  to  suggest  whether  this  could  be  due 
to  better  survival  of  viruses  in  the  air,  as  Hemmes'  results  would 
indicate,  or  to  some  effect  on  the  host's  resistance.  The  effect  on 
virus  survival  seems  unlikely,  for  rhinoviruses  or  common  cold 
viruses  are  closely  related  in  their  fundamental  properties  to  the 
enteroviruses,  which  include  poliovirus;  and  their  stability  at  various 
relative  humidities  resembles  that  of  the  poliomyelitis  rather  than 
of  the  influenza  virus.  So  on  Hemmes'  line  of  reasoning,  colds 
should  be  a  summer  disease.  Further,  the  fall  in  relative  humidity 
which  Hope-Simpson  records  as  happening  in  the  autumn,  is  only 
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noteworthy  in  unoccupied  rooms.  In  crowded  rooms  where  cross¬ 
infection  might  be  expected  to  occur,  relative  humidity  is  never 
very  low. 

What  of  temperature  changes  as  causing  changes  in  people's 
habits?  Undoubtedly  people  tend  to  spend  their  spare  time  together 
indoors  in  the  winter  and  much  more  out  of  doors  in  summer.  This 
would  tend  to  encourage  spread  of  infection  in  winter  -  or  so  one 
might  at  first  sight  suppose.  But  if  one  considers  workers  in  offices, 
factories,  and  shops  (a  considerable  part  of  the  population) ,  their 
lives  differ  in  summer  and  winter  for  only  a  small  part  of  the  day. 
Many  of  them  use  crowded  public  transport  all  through  the  year  and 
they  are  perennially  cheek-by-jowl  in  their  shops,  factories  or  of¬ 
fices.  Probably  there  is  better  ventilation  in  these  surroundings  in 
the  summer  time,  but  nothing  achieved  by  students  of  air  hygiene  has 
yet  encouraged  us  to  believe  that  respiratory  infections  are  likely 
to  be  greatly  reduced  by  such  means;  nor  yet  by  U-V  irradiation, 
chemical  aerosols  or  other  methods  designed  to  give  an  equivalent 
result.  The  fact  is  that  as  regards  colds,  the  experimental  evidence 
available  suggests  that  cross- infection  takes  place  mainly  through 
direct  hits  with  infectious  particles  at  close  range  rather  than 
through  minute  droplet  nuclei  (Lovelock  et  al.,  1952),  So  ventilation 
could  hardly  be  expected  to  play  a  major  role. 

There  are,  of  course,  some  circumstances  in  which  particular 
kinds  of  habit  changes  leading  to  close  aggregations  certainly  favour 
spread  of  virus  infections.  Quite  a  number  of  viruses,  some  types  of 
adenoviruses,  Coxsackie  A  21  (or  Coe  virus),  and  Influenza  B,  all 
cause  outbreaks  of  respiratory  infections  mainly  in  recently  col¬ 
lected  service  recruits  or  in  children  re-assembling  at  boarding- 
schools  after  holidays.  Even  here  season  plays  a  role,  for  the  adeno¬ 
virus  outbreaks  amongst  recruits  are  not  important  during  summer 
months. 

We  seem  to  be  frustrated  at  every  turn.  Every  promising  clue 
seems  to  peter  out.  Are  recent  advances  in  knowledge  about  colds 
anc!  other  viruses  likely  to  be  able  to  help  us?  1  think  they  are.  First 
of  all,  Tyrrell  and  his  colleagues  at  Salisbury  (Tyrrell  et  al.,  1959) 
have  found  out  how  to  cultivate  viruses  from  a  high  proportion  of 
common  colds  in  adults.  These  we  are  calling  Rhinoviruses  (nose- 
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viruses).  They  can  be  grown  in  cultures  of  human  embryonic  kidney, 
and  in  diploid  cell  lines  from  human  embryonic  lung;  a  minority  of 
the  strains  grow  also  in  monkey  kidney  and  other  primate  cells.The 
trick  is  to  cultivate  at  a  lower  temperature  than  is  conventional 
(33°  C),  at  a  lower  pH,  and  in  rolled  tubes  to  give  good  oxygenation. 
New  developments  make  their  study  easier.  They  grow  in  a  wider 
range  of  cells;  they  can  be  studied  quantitatively  by  counting  the 
tiny  foci  of  degeneration  produced  in  cell  sheets  (Parsons  and  Tyr¬ 
rell,  1961);  even  macroscopically  visible  plaques  can  now  be  pro¬ 
duced  (Porterfield,  1962).  These  Rhinoviruses  resemble  entero¬ 
viruses  in  being  very  small,  ether-resistant  viruses.  They  differ  in 
their  cultural  requirements,  greater  lability  towards  acid,  habitat, 
and  pathogenicity.  They  are  of  many  different  serological  types,  'and 
although  we  don't  yet  know  how  many,  30  is  probably  a  low  estimate. 
We  are  now  passing  the  preliminary  stage  of  establishing  that  these 
viruses  do,  in  fact,  cause  many  colds  all  over  the  world.  The  tech¬ 
niques  developed  can  now  be  applied  to  studies  of  epidemiology. 
Quantitative  studies  are  particularly  needed.  For  many  years  in  our 
work  at  Salisbury  we  could  only  detect  virus  by  seeing  whether  or 
not  material  under  study  would  produce  colds  when  dropped  up  the 
noses  of  volunteers.  Our  subjects  reacted  very  variously,  and  at 
best  we  could  only  infect  59  per  cent  of  them.  Quantitative  studies 
were  almcst  impossible.  Now  that  one  can  count  rhinovirus  plaques, 
things  are  very  different.  It  should  not  be  difficult  to  discover  the 
whereabouts  of  virus  in  the  environment,  and  just  when,  how,  and  in 
what  quantity  it  is  shed  from  an  infected  person.  I  should  not  be 
wholly  surprised  to  discover  that  virus  shed  by  a  cold-sufferer  in 
summer  was  quantitatively  less  than  in  winter,  so  that  there  was  less 
dnnger  of  infecting  others.  All  sorts  of  other  quantitative  studies 
should  be  applicable  from  now  on,  including  those  concerned  with 
seasonal  variation  in  resistance  to  colds. 


Resistance  to  Colds 


Jackson  and  Dowling  (1959)  in  Chicago  produced  evidence  that 
resistance  to  five  strains  of  colds  was  specific,  directed  against 
a  particular  strain  of  virus.  Discovery  of  the  serological  multiplicity 
of  cold  viruses  fits  in  with  this.  Antibodies  to  particular  strains 
seem  to  be  well  correlated  with  resistance  to  those  strains.  Yet  other 
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evidence  suggests  that  there  is  a  non-specific  element  in  immunity. 
It  is  generally  agreed  that  in  isolated  communities  immunity  to  colds 
falls,  so  that  contact  with  civilization  after  a  long  interval  is  quickly 
followed  by  colds,  and  often  they  are  severe  ones.  Why?  The  usual 
explanation  is  that  people  in  a  large  community  are  constantly  sub¬ 
jected  to  little  doses  of  virus  which  reinforce  their  immunity,  often 
without  giving  rise  to  any  symptoms.  Yet  if  there  are  150  or  57  or 
some  other  large  number  of  cold  viruses,  it  is  unlikely  that  we  are 
all  being  regularly  exposed  to  all  of  them.  If  not,  why  are  we  so 
much  more  resistant  than  these  lately- isolated  people?  And  why 
don't  they  get  57  colds  when  they  beginto  mix  with  society?  It  seems 
that  if  there  is  a  nonspecific  as  well  as  a  specific  immunity,  the 
facts  could  be  reasonably  explained.  This  could  be  mediated  by  inter¬ 
feron,  a  virus-inhibiting  protein  produced  by  cells  under  the  stimu¬ 
lus  particularly  of  dead  or  damaged  virus.  Its  production  seems  to 
supply  a  quickly  acting  method  of  haltingavirus  infection  until  anti¬ 
bodies  can  be  made  and  mobilized.  Its  action  is  local  and  nonspecific, 
being  directed  not  merely  against  the  virus  which  evoked  it.  In  tis¬ 
sue-culture,  rhinoviruses  are  amongst  those  most  susceptible  to  its 
action,  and  the  Salisbury  workers  are  at  present  engaged  on  studies 
in  volunteers  of  a  possible  role  of  interferon  in  cold  virus  infections. 

If  I  had  to  offer  a  working  hypothesis  as  to  the  effect  of  cold  in 
favouring  colds,  it  would  be  along  the  following  lines.  The  human 
body,  especially  the  respiratory  tract,  is  exposed  to  large  environ¬ 
mental  changes.  The  complicated  anatomy  of  the  nose  is  part  of  a 
homeostatic  mechanism  designed  to  protect  the  lungs  from  sudden 
changes.  But  it  may  not  operate  completely  and  instantaneously. 
There  may  be  a  lag,  and  during  an  "unguarded  hour",  a  virus  reach¬ 
ing  or  already  inthe  mucosa,  in  equilibrium  with  the  host, may  snatch 
its  chance.  I  doubt  whether  a  local  fall  in  temperature  alone  suf¬ 
fices;  it  may  well  be  an  indirect  consequence  of  temperature  fall. 
Some  evidence  suggests  that  interferon  production  is  notso  good  at 
lower  temperatures,  and  that  is  the  sort  of  thing  about  which  I  am 
speaking. 

I  regard  an  attack  on  this  difficult  matter  as  the  most  important 
phase  of  our  war  against  respiratory  infection.  Injecting  vaccines 
against  dozens  of  sero-types  of  virus  seems  to  be  a  rather  unprom¬ 
ising  business.  Discovery  of  the  relation  between  cold  and  colds 
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could  lead  to  measures  effective  not  only  against  rhinoviruses  but 
against  all  the  other  respiratory  plagues  as  well.  I  feel  that  the  bal¬ 
ance  may  be  tipped  by  something  quite  small  but  devilishly  elusive. 
Perhaps  our  discussions  at  this  symposium  will  bring  forth  a  clue. 
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DISCUSSION 


BLAIR:  Sir  Christopher,  1  wus  particularly  interested  in  your 
viewpoint  with  regard  to  the  effect  of  chilling.  1  never  had  oc¬ 
casion  to  do  a  study  of  this  particular  matter  with  regard  to  our 
patients  whom  we  have  cooled  down  to  hypothermic  levels,  and 
in  the  last  100  patients  I  can  recall  for  whom  I  have  been  re- 
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sponsible,  there  has  not  been  one  single  instance  of  a  cold,  and 
furthermore,  no  pneumonia,  so  I  think  that  this  would  support 
your  idea  that  chilling  is  probably  not  of  any  importance  in  the 
development  of  a  cold. 

CAMPBELL:  Of  course,  it's  been  a  long  time  since  I  have  had 
bacteriology;  we  used  to  think  that  bacteria  may  be  involved 
here.  You  didn't  mention  bacteria  at  all.  I  just  wondered  whether 
in  your  studies  you  had  found  any  correlation  between  bacterial 
flora  and  virus  infection? 

ANDREWES:  Well,  I  think  everybody  agrees  that  in  the  late 
stages  of  the  cold,  secondary  infection  with  bacteria  comes  and 
causes  the  sinusitis  and  the  yellow .  muco-purelent  stuff.  This 
is  generally  about  in  the  early  stages  of  the  cold;  it  is  very 
difficult  to  find  anything  abnormal  about  the  bacterial  flora  then, 
but  there  is  no  doubt  that  in  the  later  stages  they  do  come  in 
and  confuse  the  picture. 

CAMPBELL:  But  no  particular  type,  I  mean. 

ANDREWES:  No,  it  varies,  I  think. 

WAXiKER:  Have  you  done  any  studies  on  immunity  to  the  com¬ 
mon  cold?  Jackson  and  Dowling,  I  believe,  report  a  surprisingly 
slow  development  of  the  immunity. 

ANDREWES:  Well,  yes,  we  are  studying  that,  and  we  agree 
with  them  that  the  immunity  seems  to  be  specific.  We  have  one 
of  the  people  working  at  Salisbury,  Dr.  Periera,  who  is  the  origin 
of  the  HGP  strain  of  virus,  and  he  has  been  bled  at  intervals. 
His  serum,  before  he  had  a  certain  cold  in  1957,  had  no  anti¬ 
bodies  to  his  strain.  Then  he  had  this  attack  of  cold  and  his 
antibodies  came  up  pretty  quickly.  Since  then,  he  has  been  fol¬ 
lowed  along  and  he  has  had  several  colds  and  we  have  gotten 
different  viruses  from  him.  The  original  HGP  virus  is  one  of 
the  ones  that  grew  in  monkey  tissue.  One  of  the  other  strains 
was  one  that  didn't  grow  in  monkey,  but  would  grow  in  human 
tissues  and  another  was  a  strain  which  would  transmit  colds  to 
volunteers,  but  we  couldn't  grow  it  at  all.  All  this  time  he  has 
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had  only  slightly  falling  antibody  to  his  original  strain  and  this 
has  been  quite  unaffected  by  his  attacks  of  these  other  colds. 

WALKER:  And  his  antibody  came  up  in  a  matter  of  a  couple 
of  weeks? 

ANDREWES:  I  can't  recall,  but  fairly  soon. 

WALKER:  As  I  recall,  the  reports  of  Jackson  and  Dowling 
show  that  this  was  much  slower  in  their  experience. 

ANDREWES:  I  don't  remember  their  doing  it  with  antibodies. 

WALKER:  It  seems  to  me  they  got  a  peak  only  after  six  months 
or  a  very  prolonged  period  of  time,  which  is  strange. 

SCHMIDT:  I  wonder  If  you  might  have  a  comment  on  the  work 
that  I  think  has  been  done  by  Kruger  and  others1  concerning 
tile  concentration  of  the  negative  or  positive  charged  ions  in 
the  atmosphere  and  its  effect  on  the  mucosal  lining. 

ANDREWES:  I  am  afraid  1  don't  know  about  that. 

TUNEVALL:  There  is  one  thing  that  relates  to  that  season 
of  the  year,  and  that  is  when  our  children  return  from  their 
holiday  to  school.  Couldn't  the  incidence  of  colds  perhaps  be 
correlated  to  these  instances  when  the  children  get  together? 

ANDREWES:  Well,  there  is  no  doubt  that  children  are  very 
much  more  effective  spreaders  of  infection  than  adults.  We  car¬ 
ried  out  some  epidemiological  studies  in  a  rural  valley  near 
Salisbury,  and  it  was  found  that  colds  in  adults  in  families  in 
which  there  were  school-age  children  were  two  and  a  half  times 
as  common  as  in  families  when  there  were  no  school-age  children. 
There  is  no  doubt  that  the  little  darlings  spread  the  virus  very 
efficiently. 


I  Krueger  et  at.  1959.  Proc.  Soc,  Kkj».  Biol,  Wed,  102  :  3  55-357, 


312 


COLD  AND  COLDS 


SULKIN:  You  mentioned  that  to  limit  the  occurrence  of  the 
oommon  cold  through  classical  immunization  might  present  a 
difficult  problem  because  of  the  growing  number  of  serologic 
types.  1  wonder,  in  your  opinion,  if  it  is  conceivable  that  a  new 
type  of  immunization  procedure  might  be  evolved  through  the 
mechanism  of  interference.  That  is  to  say,  since  inactive  viral 
particles  will  produce  interferon,  is  it  conceivable  that  by  in¬ 
troduction  of  say,  influenza  virus  into  the  external  nares,  that 
one  might  manufacture  sufficient  interferon  to  cope  with  any 
one  of  these  common  cold  viruses? 

ANDREWES:  We  have  actually  tried  that  and  it  didn't  come 
off,  but  we  don't  despair  of  an  approach  on  that  line.  Isaacs 
found  that  the  production  of  interferon  is  not  only  mediated  by 
virus  approach;  he  thinks  it  is  fundamentally  a  reaction  to  any 
foreign  nucleo- protein  approach,  and  it  is  possible  to  produce 
some  interferon  with  nucleo- protein  approaches  of  non-viral 
origin.  One  man  made  an  interesting  suggestion  which  we  haven't 
followed  up;  that  is,  that  the  low  incidence  of  colds  in  the  sum¬ 
mer  might  be  due  to  the  fact  that  in  the  summer,  people  are 
constantly  being  stimulated  with  nucleo- protein  produced  from 
pollen. 

NUNGESTER:  I  hate  to  agree  with  Dr.  Blair  and  sell  Joe  Berry's 
long  underwear  short  here,  and  I  wonder  if  you  believe  that  ex¬ 
periments  with  humans  where  there  is  more  or  less  uniform 
cooling  are  characteristically  comparable  to  the  sort  of  things 
that  you  have  done  at  Salisbury.  In  keeping  with  the  work  of 
Mudgrant  and  Goldman,2  it  isn't  the  uniform  cooling  of  the  whole 
body  that  is  important,  but  the  irregular  cooling  of  parts  of  the 
body  that  is  important. 

WALKER:  And  I  would  add,  to  the  right  temperature. 

NUNGESTER:  Yes. 

ANDREWES:  Our  feeling  about  this  effect  of  cold  is  that  the 


2  Annals  of  Otology,  Rhlnology,  and  Laryngology.  30: 1.  1921. 


313 


COLD  AND  COLDS 


SULKIN:  You  mentioned  that  to  limit  the  occurrence  of  the 
common  cold  through  classical  Immunization  might  present  a 
difficult  problem  because  of  the  growing  number  of  serologic 
types.  I  wonder,  In  your  opinion,  if  it  Is  conceivable  that  a  new 
type  of  immunization  procedure  might  be  evolved  through  the 
mechanism  of  Interference.  That  Is  to  say,  since  Inactive  viral 
particles  will  produce  interferon,  is  It  conceivable  that  by  in¬ 
troduction  of  say,  influenza  virus  Into  the  external  nares,  that 
one  might  manufacture  sufficient  interferon  to  cope  with  any 
one  of  these  common  cold  viruses? 

ANDREWES:  We  have  actually  tried  that  and  it  didn't  come 
off,  but  we  don't  despair  of  an  approach  on  that  line.  Isaacs 
found  that  the  production  of  interferon  is  not  only  mediated  by 
virus  approach;  he  thinks  it  1b  fundamentally  a  reaction  to  any 
foreign  nucleo- protein  approach,  and  it  is  possible  to  produce 
some  interferon  with  nucleo- protein  approaches  of  non- viral 
origin.  One  man  made  an  interesting  suggestion  which  we  haven't 
followed  up;  that  is,  that  the  low  incidence  of  colds  in  the  sum¬ 
mer  might  be  due  to  the  fact  that  in  the  summer,  people  are 
constantly  being  stimulated  with  nucleo-protein  produced  from 
pollen. 

NUNGESTER:  I  hate  to  agree  with  Dr.  Blair  and  sell  Joe  Berry's 
long  underwear  short  here,  and  I  wonder  if  you  believe  that  ex¬ 
periments  with  humans  where  there  is  more  or  less  uniform 
cooling  are  characteristically  comparable  to  the  sort  of  things 
that  you  have  done  at  Salisbury.  In  keeping  with  the  work  of 
Mudgrant  and  Goldman,2  it  isn't  the  uniform  cooling  of  the  whole 
body  that  is  important,  but  the  irregular  cooling  of  parts  of  the 
body  that  is  important. 

WALKER:  And  I  would  add,  to  the  right  temperature. 

NUNGESTER:  Yes. 

ANDREWES:  Our  feeling  about  this  effect  of  cold  is  that  the 


2  Annals  ol  Otology,  Rhlnology,  and  Laryngology.  30: 1.  1921. 
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way  we  did  the  experiment  it  didn't  show  anything,  but  we  are 
not  willing  to  say  that  there  isn't  a  relation.  We  failed  to  achieve 
it,  and  we  hope  other  people  will  find  a  way  they  can  do  it;  then 
we  will  believe  them.  We  are  not  biased  about  the  whole  thing. 

NUNGESTER:  A  few  years  ago,  we  got  to  playing  with  this 
sort  of  thing.  In  the  process  of  taking  nasal  washings,  we  took 
just  a  little  bit  of  a  history  of  the  people  from  whom  we  took 
the  nasal  washings,  if  they  had  a  cold.  These  are  students,  of 
course;  they  like  to  brag  on  how  hard  they  have  been  working, 
so  you  have  to  discount  this  a  bit,  but  it  seems  that  there  was 
almost  a  pretty  good  correlation  between  loss  of  sleep  and  the 
incidence  of  a  common  cold.  There  seems  to  be  more  of  a  cor¬ 
relation  with  this  sort  of  fatigue  and  stress  than  there  was  with 
exposure  to  cold.  Have  you  had  any  experience  with  fatigue? 
Of  course,  you  have  told  us  that  you  brought  the  fatigue  ele¬ 
ment  in. 

ANDREWES:  Yes,  also  the  opposite  effect;  if  people  go  away 
for  a  summer  holiday  and  come  back  feeling  absolutely  on  top 
of  the  world,  they're  likely  to  get  a  cold  almost  at  once. 

SCHMIDT:  In  connection  with  humidity  and  its  possible  effect, 
it  occurred  to  us,  during  our  studies  here  in  Alaska,  that  it  might 
be  involved.  Humidity  is  very  low  during  the  winter  months  in 
Central  Alaska,  to  the  extent  that  you  waken  with  a  very  dry  and 
crusty  throat.  It  is  hard  to  imagine  that  one  wouldn't  be  most 
susceptible  to  any  sort  of  respiratory  illness  under  these  con¬ 
ditions.  When  Dr.  Beard,  of  the  Armed  Forces  Epidemiological 
Board  (at  that  time,  at  least)  was  here,  I  discussed  this  as¬ 
pect  with  him  and  he  indicated  that  he  had  considered  this  to  be 
a  factor  some  years  ago.  He  investigated  this  by  working  in  a 
desert  area  where  it  was  warm  but  very  dry,  and  he  didn't  ob¬ 
serve  a  higher  incidence  of  infection  in  his  subjects.  Although 
our  attempts  were  rather  clumsy  and  humble,  no  relationship 
could  be  established  between  the  relative  humidity  and  upper 
respiratory  infection.  Even  though  you  are  extremely  uncomfor¬ 
table,  you  seem  to  survive  very  nicely. 

ANDREWES:  Of  course,  under  those  desert  conditions  is  the 
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time  when  you  get  epidemics  of  cerebral  spinal  fever.  I  think 
that  seems  to  go  in  the  Sudan  and  other  regions  around  the  Sahara. 

CAMPBELL:  I  would  like  to  ask  a  fundamental  question.  It 
has  nothing  to  do  with  cold  exposure,  but  in  immunization  to 
viruses  that  seem  like  polio,  you  have  to  have  the  specific  strain 
to  produce  immunity.  We  are  so  conditioned  with  the  pneumo¬ 
coccus  work  in  which  the  polysaccharide  plays  a  major  role 
in  infection.  How  do  you  envision  the  structure  of  a  virus  that 
is  so  specific?  There  must  be  something  in  common  with  all 
these  strains  of  cold  viruses,  and  if  we  had  enough,  you  pro¬ 
bably  could  show  immunologically  or  serologically  that  there 
were  cross  reactions,  like  the  C  substance  in  pneumococcus. 
Do  you  envision  a  capsule  or  something  around  the  virus? 

ANDRE  WES:  Most  of  these  viruses  consist  of  nucleo- protein 
core  and  the  other  protein  outside,  and  in  the  case  of  the  smaller 
viruses,  that  is  about  all  there  is  to  it.  We  have  found  evidence 
of  a  very  slight  amount  of  cross-reaction  between  some  of  these 
colds.  It  is  only  very  trivial,  but  there  are  small  amounts,  as 
in  the  case  of  the  pox  group  of  viruses  covering  not  only  all  the 
animal  poxes,  but  also  myxoma  and  a  number  of  others.  It  has 
quite  recently  been  shown  by  Japanese  workers,  and  by  Fenner 
in  Australia,  that  there  is  a  common  nucleo- protein  antigen  which 
was  overlooked  for  many  years.  I  wouldn't  at  all  think  it  im¬ 
possible  that  a  similar  thing  would  be  found  with  some  of  these 
smaller  viruses.  Whether  it  would  be  of  any  use  in  inducing  im¬ 
munity  would  be  anybody's  guess. 

i 

WALKER:  Most  commonly,  this  nucleo- protein  represents  the 
common  antigen  of  the  group.  It  is  not  a  protective  antibody. 

CAMPBELL:  Well,  you  could  modify  it  some  way.  They  must 
have  something  in  common.  They  like  to  live  in  the  nose;  diph¬ 
theria  likes  to  live  a  little  further  down,  but  both  bacteria  and 
viruses,  of  course,  are  local;  that's  where  you  get  the  term 
neurotropic  and  dermatropic. 

ANDREWES:  We  need  to  collaborate  with  an  immunochemist. 
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CAMPBELL:  Next  year,  I  will  be  over. 

NORTHEY:  I'd  like  to  go  one  step  further.  How  do  you  feel 
that  antibody  really  acts  In  these  infections? 

ANDREWES:  Well,  it  seems  to  play  more  of  a  part  than  we 
expected.  With  some  of  these  other  respiratory  infections,  you 
seem  to  be  able  to  get  repeated  infections  in  spite  of  the  presence 
of  some  antibody  in  the  serum,  but  in  the  case  of  the  common 
cold  viruses,  it  appears  that  if  you  have  got  an  antibody  of  that 
particular  strain,  you  are  likely  to  resist  challenge  by  that  par¬ 
ticular  strain.  We  were  really  surprised  to  find  that  there  did 
seem  to  be  considerable  relation  between  antibody  and  immunity. 

METCALF:  Is  there  a  difference  between  the  antibody  titer 
that  you  find  in  the  serum  and  the  nasal  secretions,  and  if  so, 
is  this  likely  to  be  of  any  significance? 

ANDREWES:  Well,  we  have  looked  for  neutralizing  things  in 
the  nasal  secretion,  but  that  was  some  time  ago  before  we  really 
got  on  to  the  way  to  grow  these  viruses,  so  I  don't  think  we  know 
the  answer  to  that  question.  In  the  case  of  influenza,  of  course, 
you  do  get  the  same  kind  of  antibody  in  the  nasal  secretions  as 
you  do  in  the  serum,  but  much  less  of  it. 

METCALF:  I  was  thinking  of  the  obvious  relationship  of  a 
fluid  bathing  a  vulnerable  point  of  cells  subject  to  attack. 

ANDREWES:  Of  course,  all  the  earlier  work  in  that  is  muddled 
up  by  the  fact  that  people  didn't  appreciate  the  possible  presence 
of  interferon. 

PREVITE:  Just  one  naive  question,  not  being  very  familiar  with 
virology.  We  often  hear  that  there  are  many  different  viruses 
capable  of  causing  what  we  call  the  "common"  cold.  Has  any¬ 
one  made  any  effort  to  ascertain  how  great  and  variable  are 
the  number  of  viruses  in  any  given  area? 

ANDREWES:  There  have  been  a  number  of  studies  of  that. 
Dr.  Hamre  in  Chicago  has  published  some  work  on  that,  and  it 
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appears  that  it  depends  on  what  age  group  you  take.  If  you  take 
small  children,  you  will  find  .that  the  rare  influenza  viruses 
produce  quite  a  lot  of  infection.  In  any  age  group,  the  respira¬ 
tory  syncytial  virus  may  be  prevalent  in  one  year,  and  in  another 
year  it  may  be  completely  absent.  Rhinoviruses  seem  to  be  the 
hard  core  which  cause  more  colds  than  anything  else,  but  I  should 
make  it  clear  that  there  are  still  a  great  many  colds  from  which 
we  havn't  been  able  to  cultivate  any  viruses,  although  these 
things  will  still  produce  colds  in  volunteers.  So  there  is  still 
quite  a  lot  to  learn,  but  I  think  the  proportion  of  the  colds  caused 
by  different  agents  probably  varies  very  much  from  time  to 
time  and  from  place  to  place. 

Well,  I  don't  know  that  anybody  has  actually  solved  all  my 
more  difficult  problems  for  me,  but  anyway,  I  am  very  grate¬ 
ful  for  all  the  suggestions  that  have  been  made  in  the  matter. 


317 


EFFECT  OF  ENVIRONMENTAL 
TEMPERATURE  ON  VIRAL  INFECTION1 

Duard  L.  Walker,  M.  D. 


University  of  Wisconsin 
Medical  School 
Madison  6,  Wisconsin 


ABSTRACT 

In  considering  the  effects  of  cold  on  viral  infections,  four  questions  seem  to  be  of 
particular  importance.  These  are:  (1)  Can  exposure  to  cold  cause  an  acute  but  mild 
and  tnapparent  infection  to  become  an  upparent  and  severe  disease?  (2)  Can  it  seriously 
worsen  an  upparent  viral  infection?  (3)  Can  It  actlvute  a  latent  viral  Infection? (4)  What 
are  the  mechunisms  by  which  cold  exerts  an  effect  on  viral  infections?  Indication 
that  the  answers  to  tho  first  three  questions  can  be  "yes"  is  available  from  studies  of 
infections  in  animals.  Studies  in  this  laboratory  on  Coxsackie  infections  in  mice  are 
pertinent  to  the  first  question.  In  infant  mice  the  Conn.- 5  strain  of  Coxsackie  B- 1 
virus  causes  u  generalized,  lethal  infection,  but  in  adult  mice  the  infection  is  limited 
to  a  mild,  innppurcnt  puncreatitis.  Exposure  of  adult  mice  to  a  4°  C  environment,  how- 
over,  results  in  illness  with  essentially  100  per  cent  mortality.  Pertinent  to  the  second 
question  are  studies  on  the  myxoma-fibroma  viruses.  Marshall  has  shown  that  exposure 
to  cold  increases  the  severity  of  disease  in  rabbits  Infected  with  attenuated  strains  of 
myxoma  virus.  Helatlve  to  the  third  question,  Shope  has  found  that  exposure  to  cold 
weather  appoars  to  activate  Intent  infections  of  swine  influenza  virus  in  swine.  Although 
tho  mechanisms  by  which  cold  exerts  an  effect  on  viral  iniections  have  not  been  studied 
extensively,  there  is  growing  evidence  that  it  may  be  by  simply  lowering  tissue  tempera¬ 
ture  to  one  more  favorable  for  multiplication  of  the  infecting  virus.  At  normal  tempera¬ 
tures  Conn.- 5  Coxsackie  virus  multiplies  only  in  the  pancreas  of  the  adult  mouse.  Ex¬ 
posure  to  4°  C  results  In  reduction  of  body  temperature  by  1.0°  C  to  1.5°  C  and  in  multi¬ 
plication  of  virus  In  many  organs.  Exposure  of  mice  to  36°  C  raises  their  body  tempera- 
turo  2°  C  and  inhibits  multiplication  In  all  tissues,  including  the  pancreas.  Study  of 
Conn.  -5  virus  multiplication  In  in  vitro  cultures  reveals  that  the  virus  does  not  multiply 
well  In  adult  mouse  tlssuos  at  37°  C  or  at  higher  temperatures,  but  does  multiply  well 
ot  35°  C. 


I  studies  by  the  uuthor  on  this  subject  were  supported  by  grants  from  the  National 
Institute  of  Allergy  and  Infectious  Diseases  nnd  the  National  Cancer  Institute. 
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Studies  concerned  with  the  effect  of  environmental  temperature  on 
viral  Infections  have  sometimes  been  confusing  and  seemingly  con¬ 
tradictory,  but  cold  has  most  often  been  found  to  aggravate  viral  In¬ 
fections.  For  the  purposes  of  this  symposium,  then.lt  seems  to  me 
that  there  are  four  questions  tnat  should  be  considered:  1)  Can  ex¬ 
posure  to  cold  cause  a  mild,  inapparent  viral  disease?  2)  Can  this 
exposure  seriously  worsen  an  apparent  viral  Infection?  3)  Can  it 
activate  a  latent  viral  infection?  4)  What  are  the  mechanisms  by 
which  cold  exerts  Its  effect  on  viral  Infections? 

It  is  difficult  to  find  direct  experimental  data  bearing  on  these 
questions  that  have  been  obtained  in  studies  of  infections  in  man,  but 
some  evidence  is  available  from  studies  in  animals,  and  some  in¬ 
formation  is  available  from  study  of  viral  infection  of  cells  in 
culture.  The  data  are  not  extensive,  but  I  think  they  provide  indi¬ 
cation  that  the  answers  to  the  first  three  questions  can  be  yes,  at 
least  with  selected  virus-host  systems  and  under  laboratory  con¬ 
ditions,  perhaps  even  in  man,  and  that  we  may  find  such  effects  if 
we  make  the  proper  search. 

I  should  like,  then,  to  disclose  this  evidence.  Some  of  it  is  from 
others,  but  I  shall  limit  consideration  to  that  which  I  think  has  a 
quite  direct  bearing  on  the  questions  that  I  have  posed. 


EXAMPLES  OF  THE  EFFECT  OFCOLDON  VIRAL  INFECTION 


Can  Exposure  to  Cold  Cause  a  Mild,  Inapparent  Viral  Infection  to 
Become  an  Apparent  and  Serious  Disease? 


Boring  and  I  have  studied  a  model  viral  infection  in  mice  caused 
by  the  Conn.- 5  strain  of  type  B1  Coxsackie  virus  (Boring,  ZuRhein, 
and  Walker,  1956;  Walker  and  Boring,  1958).  Although  this  virus 
produces  a  generalized  and  lethal  infection  in  infant  mice,  it  causes 
in  udult  Swiss  mice  only  a  pancreatitis.  The  mice  seldom  show  out¬ 
ward  signs  of  illness  even  after  very  large  inocula.  However,  when 
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inoculated  mice  are  placed  in  a  room  at  a  temperature  of  4°  C,  the 
infection  then  becomes  quite  uniformly  lethal.  Figure  1  shows  a 
typical  experiment.  Acute,  limited  exposure  to  cold  is  not  sufficient 
to  change  this  infection  in  adult  mice  from  a  restricted,  asympto¬ 
matic  one  into  a  fatal  infection.  Continued  exposure  through  several 
days  is  necessary  (Fig.  2). 

That  the  deaths  of  inoculated  mice  at  4°  C  are  related  to  viral 
infection  can  be  shown  by  neutralizing  the  virus  with  specific  anti¬ 
serum  prior  to  injection  or  by  passively  immunizingthe  mice  prior 
to  inoculation.  This  prevents  the  deaths  at  4°  C.  In  addition,  it  can 
be  shown  that  this  phenomenon  is  not  caused  simply  by  inability  of 
mice  with  pancreatitis  to  survive  in  the  cold,  but  is  due  to  a  real 
enhancement  of  the  infection.  Measurement  of  virus  levels  and  study 
of  tissue  histology  indicate  that  at  ordinary  temperatures  viral 
multiplication  is  limited  to  the  pancreas,  but  that  in  mice  at  4°  C, 
viral  multiplication  and  tissue  damage  takes  place  in  many  tissues. 
Data  on  this  point  will  be  presented  in  a  later  section. 

An  investigation  of  Brlody  and  associates  (Briody  et  al. ,  1953) 
concerned  with  what  could  well  be  called  inapparent  infection  is  also 
pertinent  here.  These  workers  examined  the  effect  of  cold  on  the 
process  of  adaptation  of  influenza  A'  virus  to  multiplication  in  the 
lungs  of  mice.  Unadapted  influenza  virus  usually  multiplies  to  some 
extent  in  mouse  lungs,  but  it  causes  little  pneumonia  or  mortality 
until  after  a  series  of  serial  passages  has  resulted  in  a  selection  of 
virus  capable  of  rapid  and  abundant  multiplication  in  the  lungs  of 
mice.  When  inoculated  mice  were  maintained  at  5°  C,  however,  the 
virus  grew  to  100-fold  higher  levels,  the  extent  of  pneumonia  was  in¬ 
creased  and  mice  began  to  die  of  influenzal  pneumonia  after  only  a 
few  passages. 


Can  Exposure  to  Cold  Seriously  Worsen  an  Apparent  Viral  Infection? 

This  question,  of  course,  is  not  very  different  from  the  previous 
one,  because  in  many  instances  the  difference  between  inappareir.  and 
apparent  Infection  is  only  one  of  degree.  Nevertheless,  the  question 
serves  well  to  introduce  work  on  myxoma  virus  infections. 
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The  effect  of  environmental  temperature  on  viral  infection  has 
appeared  to  be  of  some  practical  importance  in  Australia  in  the 
evolution  of  myxomatosis  in  wild  rabbits.  Marshall  (1959)  noted  that 
there  was  repeated  suggestion  that  myxomatosis  spreading  naturally 
through  wild  rabbits  was  more  lethal  in  winter  than  in  summer,  and 
Mykytowycz  (1956)  observed  that  rabbits  experimentally  infected  with 
an  attenuated  strain  and  housed  in  unheated  quarters  had  a  higher 
mortality  rate  in  winter  than  in  summer.  To  test  the  possibility  that 
these  observations  were  related  to  ambient  temperature,  Marshall 
exposed  Inoculated  rabbits  to  fluctuating  cold  (-1°  C  to  +1°  C  for  16 
hours  and  15°  C  for  8  hours  each  day)  and  compared  the  results  with 
those  at  normal  room  temperatures  (20°Cto22°  C)  and  at  elevated 
temperatures  (37° C  to  39°  C  for  16  hours  and  26°  C  for  8  hours  each 
day).  These  fluctuating  temperatures  were  chosen  to  simulate  day 
and  night  fluctuations  of  winter  and  summer.  He  found  that  ambient 
temperature  had  little  effect  on  infections  with  a  highly  virulent 
strain  of  myxoma  virus  or  with  the  quite  virulent  rabbit  pox.  But  if 
rabbits  were  inoculated  with  an  attenuated  strain  of  myxoma  virus 
that  at  22°  C  caused  death  of  about  60  per  cent  of  rabbits,  then  ex¬ 
posure  to  cold  increased  the  mortality  to  over  90  per  cent  and  ex¬ 
posure  to  heat  reduced  mortality  to  about  30  per  cent  (Fig.  3).  Myxo¬ 
matosis  in  a  rabbit  is  a  verydistinctivedisease,  and  comparison  of 
the  signs  of  disease  in  the  rabbits  at  the  various  temperatures,  as 
well  as  differences  in  the  levels  of  virus  in  the  blood,  were  fairly 
convincing  indications  that  the  differences  in  mortality  rate  were 
due  to  alterations  of  the  extentand  severity  of  infection  instead  of  to 
some  other  effect  of  the  temperatures. 

Somewhat  similarly,  Sulkin  (1945)  has  shown  that  after  inoculation 
with  influenza  A  virus,  mice  maintained  at  15.5° C  have  significantly 
more  pulmonary  consolidation  and  mice  at  35°  C  less  consolidation 
than  do  mice  held  at  21°  C  to  25°  C.  And  I  judge  from  the  abstracts 
of  Drs.  Metcalf  and  Marcus  that  they  will  be  providing  additional 
data  pertinent  to  this  question. 


Can  Exposure  to  Cold  Activate  a  Latent  Infection? 

Latent  here  means  an  lnnpparent  infection  that  exhibits  chronicity 
and  some  degree  of  host-virus  equilibrium.  Although  this  is  a  par- 
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F.gure  J.  Mortal. ly  in  rabbits  mfected  w.lh  an  attenuate,!  strain  of  myxoma  virus  and  held  at  different 
temperatures.  (M  irsh.ill,  1959). 
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tlcularly  interesting  question,  there  seems  to  be  relatively  little 
data  that  concerns  such  infections  and  involves  hosts  and  viruses 
that  lend  themselves  to  detailed  study.  Dr.  Andrewes  has  already 
dealt  with  the  common  cold  in  man.  There  is  one  study,  however, 
that  should  be  mentioned  here. 

Shope  has  pointed  out  that  circumstantial  evidence  concerned  with 
epizootics  of  swine  influenza  has  long  indicated  that  the  stimulus 
responsible  for  precipitating  attacks  of  the  disease  in  swine  latently 
Infected  with  the  virus  is  in  some  way  associated  with  sudden 
changes  in  weather  and  especially  with  the  onset  of  cold, wet  weather. 
He  performed  an  experiment  (Shope,  1955)  in  which  he  prepared  25 
swine  by  feeding  them  earthworms  containing  lungworm  larvae 
carrying  swine  influenza  virus.  After  about  30  days,  during  which 
the  animals  remained  well,  he  then  exposed  them  for  from  4  to  24 
hours  to  adverse  weather  conditions,  which  always  included  rain  or 
snow  and  low  temperatures.  No  data  were  obtained  on  the  effect  of 
this  on  the  body  temperatures  of  the  animals.  Eight  uninoculated 
controls  and  15  inoculated  animals  remained  well,  but  4  swine  did 
develop  the  typical  illness  of  swine  influenza  and  6  others  developed 
serological  evidence  of  infection. 


POSSIBLE  MECHANISMS  FOR  THE 
EFFECT  OF  COLD  ON  VIRAL  INFECTIONS 


The  studies  that  I  have  outlined  indicate  that  with  some  hosts  and 
viruses  under  proper  circumstances  cold  can  aggravate  and  activate 
viral  infections.  I  have  limited  discussion  here  to  those  studies  that 
do  point  to  these  possibilities,  because  I  think  failures  to  find  an 
aggravating  effect  of  cold,  or  even  the  occasional  report  of  the  op¬ 
posite  effect,  are  only  tobe  expected  with  some  host-virus  combina¬ 
tions  and  under  certain  circumstances.  But  thefactthat  there  are  a 
good  many  reports  of  no  effect  or  a  protective  effect  of  cold  must  be 
kept  in  mind  in  any  evaluation  of  possible  mechanisms.  I  shall  dis¬ 
cuss  this  further  in  a  later  section. 
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In  any  consideration  of  mechanisms  that  might  account  for  the 
effects  of  cold  on  viral  infection  two  possibilities  quickly  come  to 
mind.  One  is  that  host  defenses  are  modified  by  exposure  to  cold, 
and  the  seoond  1b  that  cold  acts  as  a  stressing  agent  and  modifies 
the  host  through  alteration  of  hormone  balance. 

The  host  defense  most  frequently  considered  and  seems  particu¬ 
larly  pertinent  in  viral  Infection  is  antibody  production.  The  effect 
of  cold  on  antibody  production  has  been  discussed  by  others  in  this 
meeting,  but  I  want  to  point  out  that  Marshall  (1959)  considered  the 
possibility  of  inhibition  of  antibody  production  in  his  study  of  rabbit 
myxomatosis  and  showed  thatunder  the  conditions  of  his  experiments 
antibody  against  sheep  erythrocytes  developed  as  rapidly  and  to  as 
high  levels  in  rabbits  exposed  to  cold  as  in  control  rabbits. 

In  our  study  of  Coxsackie  virus  Infections  in  mice,  Boring  and  I 
have  never  actually  measured  the  antibody  developed  against  Cox¬ 
sackie  virus  inmiceat4°C,becausewe  found  that  cold  still  exerted 
its  effect  even  if  we  delayed  exposure  of  infected  mice  until  the  anti¬ 
body  producing  process  was  well  under  way  (Boring  et  al.,  1956). 
Specific  neutralizing  antibody  appears  in  the  blood  of  mice  on  the 
third  day  after  inoculation  with  small  quantities  of  Coxsackie  B1  vi¬ 
rus  and  on  the  fourth  day  the  antibody  is  at  substantial  levels  (Fig.  4; 
Boring  and  Walker,  unpublished  data).  Even  though  exposure  to  cold 
is  delayed  until  the  fourth  day,  its  effect  is  not  nullified  (Fig.  2). 
This  suggests  to  us  that  even  if  cold  were  found  to  have  an  in¬ 
hibiting  effect  on  antibody  production,  this  would  still  not  explain 
the  influence  of  cold  on  the  infection.  In  addition  to  this,  current 
work  using  mice  thymectomized  at  birth  indicates  that  an  adult 
mouse  does  not  develop  a  generalized  lethal  infection  with  Coxsackie 
B1  virus  even  though  the  mouse  is  incapable  of  producing  antibody. 

Other  host  defenses  such  as  non-specific  viral  inhibitors  and 
interferon  may  conceivably  be  altered  by  cold,  but  there  is  little 
positive  evidence  for  this,  as  yet. 

The  role  of  stress  is  difficult  to  assess.  There  is  little  question 
that  the  cold  exposure  used  in  the  studies  that  I  have  discussed  were 
of  a  degree  sufficient  to  cause  some  of  the  physiological  changes 
Identified  with  stress.  And  treatment  of  animals  with  large  doses  of 
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Figure  4.  Anlibuly  response  lu  Coxs.ickie  virus  infection  in  mice  nt  25°  C  ambient 
temperature.  Ailull  Swiss  mice  were  given  280  infant  mouse  LD^q  i.  p.  The  antibody 
liters  from  two  experiments  arc  plotted  us  separate  curves.  Antibody  assays  were 
made  in  infant  mice  and  antibody  titers  are  expressed  as  the  reciprocal  of  the  serum 
dilution  that  neutralized  LDjq  of  virus. 


cortisone  causes  an  aggravation  of  a  number  of  viral  infections 
similar  to  that  seen  with  exposure  to  cold.  Administration  of  2.5  mg 
of  cortisone  to  adult  mice  infected  with  Coxsuclde  B1  virus  results 
in  a  generalized  and  lethal  infection  quite  similar  to  that  produced 
by  exposure  to  cold  (Boring,  Angevine,  and  Walker,  1955).  But 
Boring  and  I  (1958)  were  not  able  to  produce  similar  effects  by 
treating  mice  with  physiologically  active  doses  of  ACTH.  In  addition 
to  this,  the  fact  that  short  exposures  to  cold  were  not  effective,  that 
adaptation  of  mice  to  cold  did  not  nullify  the  effect,  and  that  ex¬ 
posure  to  the  stress  of  heat  caused  an  entirely  different  response 
has  led  us  to  think  that  just  the  stressing  effect  of  cold  cannot  ac¬ 
count  for  its  effect  on  viral  infection. 

I  have  indicated  some  skepticism  that  inhibition  of  antibody  pro- 
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Figure  5.  Virus  in  tissues  uf  nilull  mice  infecleil  with  Coxsackie  vi rus*  urel  hclil 
.it  ■l0  C,  25°  C,  or  JC°  C.  *  I noculaled  with  HO  Infant  mouse  LD50  t.  p, 

duction  or  stress  can  account  for  the  effect  of  cold  on  viral  In¬ 
fections.  For  discussion  of  another  possible  mechanism  I  want  to 
return  to  the  model  of  Coxsackie  virus  Infections  in  mice.  In  study¬ 
ing  the  effect  of  cold  on  this  infection,  Boring  and  I  (1958)  followed 
the  fate  of  virus  in  various  tissues  of  infected  mice.  It  was  evident 
that  In  mice  at  normal  temperatures  an  initial  vlremia  was  followed 
by  significant  viral  multiplication  only  in  the  pancreas.  But  in  mice 
at  4°  C,  the  virus  multiplied  to  relatively  high  levels  and  produced 
marked  damage  in  several  tissues.  It  was  also  found  that  if  mice 
were  maintained  at  an  elevated  ambient  temperature,  viral  multi¬ 
plication  was  inhibited  in  all  tissues,  including  the  pancreas  (Fig.  5). 
In  fact,  even  if  the  pancreatitis  was  allowed  to  progress  for  36  hours 
after  inoculation,  exposure  to  36°  C  still  brought  about  a  prompt 
drop  in  virus  titer  in  the  pancreas  and  rapid  elimination  of  the 
virus.  An  important  point  is  that  when  rectal  temperatures  of  mice 
are  measured  during  exposure  to  such  temperatures,  it  can  be 
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Figure  6,  Effect  of  environmental  temperature  on  tbe  body  temperature  of  mice. 
Etch  point  represents  the  mean  of  the  rectal  temperatures  of  10  mice.  (Walker,  D.  L., 
and  Boring,  W.  U.  1958.  J.  Immunol.  80:  39-44.) 


demonstrated  that  at  4°  C  the  mouse's  internal  temperature  is 
lowered  about  1°  C  to  2°  C  and  exposure  to  36°  C  raises  the  rectal 
temperature  about  2°  C  to  3°  C  (Fig.  6). 

These  phenomena  suggest  that  in  the  host  cell  there  are  tempera¬ 
ture-sensitive  reactions  that  can  control  Coxsaclde  virus  multi¬ 
plication.  Additional  support  for  this  has  been  provided  by  Boring 
and  Levy  (1962)  who  demonstrated  that  in  HeLa  cells  in  vitro  the 
oplimum  temperature  for  multiplication  of  the  Conn.- 5  strain  of 
Coxsackie  virus  is  36°  C  and  that  multiplication  is  markedly  in¬ 
hibited  at  38°  C  to39°C,andis  also  reduced  at  temperatures  below 
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Figure  7.  Multiplication  ol  myxoma  and  fibroma  viruses  in  primary  rabbit  kidney 
cells  at  various  temperatures.  *Log  rabbit  skin  infectious  units  per  ml  produced  in 
•18  hours. 

36°  C.  We  have  recently  been  looldngatthis  more  directly  by  com¬ 
paring  the  multiplication  of  B1  Coxsaclde  virus  in  primary  cultures 
of  adult  and  infant  mouse  tissues  at  various  temperatures  in  order  to 
determine  the  optimum  temperature  for  multiplication  in  the  tissues 
usually  affected  in  the  mouse.  Our  preliminary  results  suggest  that 
the  virus  can  multiply  in  adult  tissues  if  the  temperature  of  incuba¬ 
tion  is  reduoed  to  35°  C  and  that  it  is  inhibited  at  higher  tempera¬ 
tures  .whereas  in  Infant  tissues  it  multiplies  to  high  titer  at  37°  C  to 
38°  C  as  well  as  at  lower  temperatures.  Our  experiments  have  not 
proceeded  far  enough,  however,  to  provide  really  reliable  data. 

I  have  already  indicated  that  in  his  study  of  myxoma  virus  in¬ 
fections  in  rabbits,  Marshall  (19  59)  found  a  pattern  similar  to  the  one 
I  have  described  for  Coxsackie  virus;  that  is,  an  ameliorating  effect 
of  high  temperature  as  well  as  enhancement  of  the  infection  by  cold. 
Similar  protective  effects  of  elevated  ambient  temperature  had  pre¬ 
viously  been  reported  by  Thompson  (1938).  Both  Thompson  and  Mar¬ 
shall  found  that  rabbits  at  test  temperatures  had  shifts  of  their  rec¬ 
tal  temperatures  of  only  about  0.5°  C  downward  in  the  cold  and 
and  0.5°  C  to  1°  C  upward  in  the  hot  room,  but  their  skin  tempera¬ 
tures  changed  4°  C  to  5°  C.  The  possibility  that  these  temperature 
changes  may  have  been  Important  in  controllingthe  course  of  the  in¬ 
fection  is  supported  by  other  evidence  indicating  that  multiplication 
of  myxoma  and  fibroma  viruses  is  easily  affected  by  change  of  tem¬ 
perature.  The  myxoma  and  fibroma  viruses  and  their  various  vari- 
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ants  present  a  spectrum  of  viruses  that  are  very  closely  related  in 
many  physical  and  biological  characteristics,  including  antigenic 
makeup.  However,  after  intradermal  inoculation  virulent  myxoma 
virus  invades,  causes  generalized  disease,  and  is  almostlOO  per  cent 
lethal  for  domestic  rabbits,  while  fibroma  virus  causes  only  local 
benign  tumors  that  eventually  regress  without  any  apparent  harm  to 
the  rabbit.  It  is  noteworthy  that  the  only  tissues  in  which  fibroma 
will  multiply  and  cause  lesions  in  the  adult  rabbit,  even  if  injected 
tntraperitoneally  or  intravenously,  are  the  surface  tissues  of  skin 
and  testes.  It  can  be  demonstrated  quite  easily  that  myxoma  and 
fibroma  viruses  differ  markedly  in  their  capacity  to  multiply  at 
temperatures  above  35°  C.  Thompson  (1938)  demonstrated  this  in 
vivo  when  he  raised  the  skin  temperature  of  rabbits  by  exposure  to 
heat  and  showed  that  fibroma  lesions  were  quite  easily  inhibited 
while  the  disease  caused  by  virulent  myxoma  virus  required  higher 
temperatures  to  bring  about  amelioration.  This  can  be  shown  in 
primary  cultures  of  rabbit  tissues  in  vitro.  Kilham  (1959)  has  pro¬ 
vided  some  data  on  this, and  some  of  our  own  data  are  shown  in  Fig¬ 
ure  7.  Fully  virulent  myxoma  virus  multiplies  to  high  titer  even  at 
temperatures  of  40°  C  to  41°  C,  while  fibroma  virus  reaches  peak 
titers  at  32°  C  to  35°  C  and  is  inhibited  to  some  extent  at  tempera¬ 
tures  as  low  as  36°  C  to  37°  C  and  is  severly  inhibited  at  higher 
temperatures.  Variants  of  myxoma  virus  exist  that  are  reduced  in 
their  virulence  and  are  Intermediate  between  myxoma  and  fibroma 
viruses  in  the  characteristics  of  the  disease  that  they  produce  in 
rabbits.  It  was  one  of  these  that  Marshall  used  in  his  study.  We  are 
currently  comparing  the  capacity  of  myxoma  virus  strains  to  multi¬ 
ply  at  various  temperatures  and  their  relative  invasiveness  and  viru¬ 
lence  in  rabbits.This  work  has  not  progressed  far, but  it  appears  that 
for  many  attenuated  strains  reduction  in  virulence  is  accompanied  by 
decreased  capacity  to  multiply  at  temperatures  comparable  to  the 
internal  temperature  of  the  rabbit. 

Other  studies  Indicating  a  relationship  between  virulence  and 
capacity  to  multiply  at  temperatures  above  37°  C  can  be  cited.  Bed- 
son  and  Dumbell  (1961)  have  shown  this  relationship  with  several 
poxviruses  and  their  virulence  for  chicken  embryos.  Mostdetailed, 
however,  have  been  the  extensive  studies  of  Lwoff  and  associates  on 
poliovirus  (Lwoff,  1959;  Lwoff  and  Lwoff,  1960,  1961).  Lwoff  has 
demonstrated  in  cells  in  culture  that  poliovirus  is  able  to  multiply 
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Figure  b.  Carrier  cultures  of  mumps  virus  in  human  conlunctivn  cells  (C-M  cultures) 
at  tit  fferent  temperatures.  Cultures  were  grown  at  j?u  C  an«l  then  move  .  to  test  tempera- 
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lures  (or  24  hours.  Cells  fixed  and  stained  with  fluorescein- conjugated  anti- mumps 
serum.  A.  .17°  C.  B.  40°  C.  C.  35°  C.  D.  33°  C.  Magnification  -X  1000. 
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only  within  certain  limits  of  temperature.  For  many  strains  a  tem¬ 
perature  of  40°  C  or  above  inhibits  multiplication  and  viral  pro¬ 
duction  is  depressed  below  33°  C.  It  appears  that  elevated  tempera¬ 
ture  produces  a  block  in  the  second  half  of  the  virus  multiplication 
cycle  and  low  temperatures  block  the  first  part  of  the  cycle.  But  he 
points  out  (also  Dubes  and  Wenner,  1957)  that  strains  vary  in  the 
temperature  that  is  optimum  for  their  multiplication  and  that,  in 
general,  neurovirulence  in  monkeys  is  associated  with  those  strains 
that  are  capable  of  good  multiplication  at  40°  C,  and  lack  of  viru¬ 
lence  with  those  incapable  of  multiplication  at  37°  C  or  above. 

There  is  additional  evidence  from  quite  a  number  of  studies  using 
tissue  cultures  or  chicken  embryos  (Enders  and  Pearson,  1941; 
Thompson  and  Coates,  1942;  Sharpe,  1958;  Hoggan  and  Roizman, 
1959;  Wheeler  and  Canby,  1959)  that  the  temperature  range  within 
which  viruses  can  multiply  vigorously  is  often  quite  limited,  and 
that  the  upper  limit  in  particular  may  be  quite  sharp  and  abrupt. 
For  several  of  the  viruses  studied  the  optimum  temperature  for 
multiplication  is  a  degree  or  two  below  that  of  the  internal  body 
temperature  of  some  of  the  common  mammalian  hosts.I  want  to  men¬ 
tion  briefly  some  data  concerned  with  mumps  virus,  because  it 
could  conceivably  provide  some  insight  into  how  cold  could  affect 
latent  infections, 

Hinze  and  I  have  been  studying  a  carrier  system  of  mumps  virus 
in  human  conjunctiva  cells.  This  system  has  been  maintained  for 
several  years  (Walker  and  Hinze,  in  press).  The  cells  multiply  at  a 
rate  comparable  to  control  cultures,  and  show  little  evidence  of 
deleterious  effect  even  though  use  of  fluorescent  antibody  demon¬ 
strates  that  90  per  cent  or  more  of  the  cells  contain  viral  antigen. 
As  routine,  these  cultures  are  grown  at  37°  C,  at  which  tempera¬ 
ture  about  1  of  every  100  cells  appears  to  be  excreting  virus  as 
judged  by  the  fact  that  erythrocytes  will  adsorb  to  the  cell  surface. 
There  is  a  low  level  of  virus  in  the  medium.  At  37°  C  practically  all 
of  the  cells  contain  antigen,  but  it  is  restricted  to  a  few  sharply  out¬ 
lined,  discrete,  masses  in  the  cytoplasm(Fig. 8a).  At  40°  C  the  anti¬ 
gen  is  perhaps  even  more  restricted  in  its  distribution  (Fig.  8b). 
But  at  35°  C  or  33°  C  the  antigen  becomes  widely  distributed  in  the 
cytoplasm  insmallgranules  (Fig. 8c and 8d)  and  the  cells  tend  to  be¬ 
come  rounded  and  ragged  in  appearance.  At  35°  C  or  33°  C  erythro- 
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cytes  will  adsorb  to  50  per  cent  or  more  of  cells  and  the  virus  con¬ 
centration  in  the  medium  Increases  by  10  to  100-fold  indicating  that 
at  the  lower  temperatures  the  equilibrium  between  cells  and  virus 
is  upset  and  there  is  much  more  virus  production  and  release  in  the 
cultures. 

Lwoff  (1959)  has  emphasized  the  narrow zoneof  optimum  tempera¬ 
ture  forviral  multiplication  and  the  inhibitory  effect  of  elevated  tem¬ 
perature  to  argue  that  fever  may  be  an  important  host  defense 
mechanism  in  choking  off  viral  infection,  and  he  has  pointed  to  the 
variation  in  optimum  temperature  among  virus  strains  as  a  partial 
explanation  of  variation  in  virulence.  It  seems  to  me  that  these  phe¬ 
nomena  can  also  explain  some  of  the  observed  effects  of  cold  on  viral 
infection  and,  indeed,  may  even  account  for  the  variability  of  obser¬ 
vations.  I  suggest  that  one  can  expect  to  see  an  effect  of  cold  on  viral 
infection  under  certain  circumstances.  The  appropriate  circum¬ 
stances  would  be  when  an  animal  (or  man)  is  infected  with  a  virus, 
or  a  particular  strain  of  a  virus,  that  has  an  optimum  multiplication 
temperature  a  degree  or  two  lower  than  the  body  temperature  of  the 
host.  Under  these  circumstances  the  body  temperature  of  the  host 
could  be  an  important  controlling  factor  in  limiting  viral  multiplica¬ 
tion  and  in  keeping  the  infection  a  mild,  or  inapparent,  or  latent  one. 
And  lowering  the  temperature  in  the  right  tissues  (surface  or  inter¬ 
nal,  depending  on  the  virus)  only  a  degree  or  two  could  result  in  a 
markedly  increased  pace  of  viral  multiplication,  and  thus  lead  to  ob¬ 
vious  aggravation  or  activation  of  the  infection.  Under  these  circum¬ 
stances  we  would  not  expect  to  see  an  effect  of  cold  unless  the  ex¬ 
posure  were  sufficient  to  bring  about  an  appropriate  drop  in  temper¬ 
ature  in  the  right  tissues.  Nor  need  we  expect  to  see  an  enhancing 
effect  on  a  highly  virulent  virus  with  a  temperature  optimum  near 
that  of  the  host  tissue.With  certain  host-virus  combinations  even  an 
ameliorating  effect  of  cold  might  be  expected  i  f  the  tissue  tempera¬ 
ture  could  be  dropped  below  and  maintainedbelowthe  optimum  tem¬ 
perature  range  of  the  virus.  This  concept  of  an  effect  of  cold  due  to 
direct  influence  on  viral  multiplication  processes  within  the  host  cell 
does  not, of  course, in  itself  exclude  the  possibility  that  stress, or 
other  physiologic  changes  due  to  cold,  may  contribute  to  the  reaction. 
But  it  seems  to  me  that  many  of  the  demonstrations  of  an  effect  of 
cold  on  viral  infection  can  be  accounted  for  on  the  basis  of  a  direct 
effect  of  tissue  temperature  on  intracellular  reactions. 
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DISCUSSION 


CAMPBELL:  It  seems  to  me  that  the  enzyme  system  shown 
in  Figure  1  is  an  unusually  sensitive  system  as  far  as  kinetics 
go.  If  you  were  to  plot  the  effect  of  temperature  on  your  enzyme 
reaction,  what  would  you  find? 

METCALF:  We  have  done  this  repeatedly;  I  would  say  possibly 
30  or  40  times. 

CAMPBELL:  I  am  not  questioning  the  results.  It's  just  so 
unusual.  Earlier  this  afternoon  somebody  talked  about  the  sen¬ 
sitivity  of  viruses  to  temperature  ns  far  as  susceptibility  goes, 
so  this  is  a  rather  unusual  reaction.  Didn't  you  notice  that  the 
effect  of  temperature  between  37°  C  and  20°  C  is  really  a  tre¬ 
mendous  difference  in  the  activity  of  your  enzyme? 

METCALF:  In  other  words,  Dr.  Campbell,  you  think  that  this 
is  more  than  would  seem  to  be  indicated  by  experience  with 
other  systems? 

CAMPBELL:  Well,  it’s  a  little  different,  I  would  think.  It 
would  be  really  interesting  to  do  a  kinetic  study  on  it. 
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METCALF:  All  I  cun  say  is,  while  we  haven't  performed  pre¬ 
cise  kinetic  studies,  we  have  examined  the  reaction  over  a  period 
extending  from  zero  hours  through  24  hours.  We  find  that  there 
is  a  linear  release  of  neuraminic  acid  for  twenty  to  thirty  minutes, 
after  which  the  rate  of  release  slows  down  greatly,  but  does  con¬ 
tinue  for  eighteen  to  twenty-four  hours.  The  initial  effect  of 
virus  dilution  upon  the  release  of  neuraminic  acid  is  overcome 
at  the  end  of  twenty-four  hours.  The  effect  of  temperature  seems 
to  consist  of  a  retardation  of  the  reaction  with  less  neuraminic 
acid  split  off. 

CAMPBELL:  That  will  be  an  interesting  system  to  study  thermo¬ 
dynamically. 

WALKER:  I  have  been  trying  to  relate  this  to  some  work  that 
Dr.  Billie  Padgett  and  I  have  done.  Dr.  Padgett  approached  the 
question  of  the  role  of  the  enzyme  of  influenza  a  little  differently, 
and  actually  aimed  at  selecting  a  strain  of  influenza  B  virus 
that  was  different  in  its  enzymatic  characteristics.  She  was 
able  to  get  a  line  of  virus  that  is  quite  different  in  its  enzymatic 
characteristics  from  the  parent  strain  in  that  its  peak  zone  of 
activity  is  at  about  35°  C,  whereas  the  parent  strain  has  its 
peak  activity  at  about  37°  C.  The  enzymatic  activity  of  this  virus 
is  markedly  inhibited  at  temperatures  above  35°  C,  particularly 
if  calcium  ion  is  removed  from  the  medium.  She  has  made  an 
effort  to  use  temperature  as  a  means  of  cutting  the  multipli¬ 
cation  cycle  and  seeing  where  the  effect  of  this  enzyme  may 
be.  The  parent  and  vuriant  viruses  appear  to  be  very  similar 
in  all  other  respects,  antigenic  make-up,  general  character¬ 
istics,  and  so  on,  except  for  their  temperature  optimum  for 
enzymatic  activity.  She  finds  that  the  time  at  which  elevation 
of  temperature  will  affect  the  multiplication  cycle  of  the  variant 
virus  is  only  toward  the  end  of  the  cycle,  suggesting  again  that 
the  enzyme  is  not  particularly  important  in  penetration.  Ele¬ 
vation  of  temperature  with  this  variant  virus  early  in  the  cycle 
doesn't  have  much  effect,  but  late  in  the  cycle  it  does. 

We  also  have  followed  the  appearance  of  enzyme  and  virus  in 
the  cell,  but  we  have  interpreted  the  results  a  little  differently. 

I  am  a  little  reluctant  to  think  that  the  enzyme  necessarily  has  an 
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effect  upon  the  cell.  Our  Interpretation  has  been  that  as  multi¬ 
plication  goes  on  and  virus  is  produced  possessing  enzymatic 
activity,  you  see  then  the  appearance  of  enzymatic  activity  in 
the  ceil.  This  is  associated  with  cell  damage,  but  it  would  be 
difficult  to  decide  which  is  cause  and  which  is  effect. 

METCALF:  Well,  tills  is  perhaps  true,  but  in  our  case,  every 
time  that  we  demonstrate  enzymic  competence  and  show  this  by 
enzyme  fabrication,  we  experience  a  corresponding  reduction  in  the 
exhibitor  content  and  there  is  demonstrable  damage  to  the  cells. 
I  agree  that  it  is  difficult  to  separate  cause  and  effect,  but  en¬ 
zyme  fabrication  and  cell  damage  are  intimately  related.  Per¬ 
haps  this  would  be  a  compromise  between  the  two  viewpoints. 

WALKER:  Schlesinger,  too,  has  shown  cyclic  waves  of  virus 
level  and  substrate  levels  In  the  cells. 

ANDREWES:  Dr.  Sulkin,  you  were  quoted  by  Dr.  Metcalf. 
Have  you  got  any  comments  to  make? 

SULKIN:  No,  not  particularly,  because  when  those  experiments 
were  done  back  in  1941  and  1942,  we  knew  nothing  about  neura¬ 
minidase,  inhibitors,  and  so  forth.  It  was  sort  of  a  naive  ex¬ 
periment. 

ANDREWES:  We  were  all  naive  in  those  days. 

SULKIN:  The  results  have  been  subsequently  duplicated  byother 
workers. 


CAMPBELL:  Frank  Lanni  has  done  quite  a  bit  on  this  inhibitor. 
Didn't  he  come  up  with  a  chemical  nature  of  it  and  do  some  kinetic 
studies  ? 


METCALF:  Lanni*  studied  the  interaction  between  enzymatically 
active  swine  influenza  and  egg  white  inhibitory  niucoprotein. 
He  described  the  kinetics  of  inhibitor  inactivation,  basing  his 


l  Liinnl,  K,,  unit  V,  T.  Lunnl.  1955,  Virology  I:  40-57. 
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interpretation  of  the  data  upon  Gottschalk's  model  of  the  structure 
of  urinary  mucoprotein.^  The  inhibitor  reduction  method  of 
assay  was  used  in  these  studies.  There  was  no  attempt  to  define 
the  chemical  structure  of  inhibitor. 


2  Gottachalk,  A.  1952.  Nature  170:  662-663. 

3  Gottuchalk,  A.  1954.  The  Dlaklflton  Co.,  New  York. 
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ABSTRACT 

This  study  was  on  the  characteristics  of  Influenza  Aj  strains  which  might  play  a 
role  In  facilitating  virus  Invasion  of  host  cells,  and  the  effect  of  cold  upon  the  Invasive 
process.  Strains  of  lnfluenzu  A2  selected  for  study  were  Isolated  from  fatal  cases  of 
influenza  In  humans.  The  strains  were  examined  for  mouse  toxicity  following  Intra¬ 
venous  Injection,  cytotoxlolty  In  HeLa  and  L- cells,  mouse  and  chick  embryo  IDju  values, 
and  neuraminidase  activity,  Virus  enzyme  action  was  singled  out  for  special  attention 
on  the  basis  of  its  constnnt  association  with  A2  Btralns.  The  enzyme  activity  was  de¬ 
termined  (1)  by  means  of  thlobarblturlo  acid  analysis  for  free  neuraminic  acid,  and 
(2)  by  reduction  of  the  hemagglutination  titer  of  mucoid  Inhibitor.  Substrates  used 
Included  nouramlnmucold  from  edible  birds  nestt  neuramlnlactose  from  bovine  colostrum, 
and  ovomuoln  from  hens  eggs.  The  rate  and  extent  of  enzyme  action  exhibited  by  virus 
showod  a  progressive  decline  as  the  temperature  was  lowered  from  37°  C  to  4°  C. 
A  comparison  of  enzyme  activity,  virus  liter,  and  Inhibitor  concentration  In  chick  em¬ 
bryos  at  37°  C  and  20°  C  showod  corresponding  decreases  In  enzyme  activity  and  virus 
tltor  whllo  Inhibitor  remained  virtually  unchanged  at  lower  temperatures.  Infection 
of  mice  was  followed  by  extonslve  lung  damngo  and  death  at  4°  C.  Considerably  less 
damage  and  fewor  fatalities  within  the  test  period  were  found  at  20°  C.  Contrary  to 
tho  chick  embryo  experience,  the  enzyme  nctivlty  and  virus  titer  showed  Increases  at 
the  lower  temperature.  Coll  monolayers  of  monkey  or  hamster  kidney  were  used  in 
conjunction  with  fluorochromo  analysis  lo  follow  the  course  of  cell  invasion  by  virus 
at  37°  C  and  20°  C.  Virus  W'as  first  demonstrated  in  the  cytoplasm  around  the  nuclear 
membrane  at  6  hours  following  Incubation  at  37°  C.  Virus  presence  in  the  cytoplasm 
was  shown  for  at  least  72  hours.  Tho  course  of  invasion  at  20°  C  was  different.  Virus 
was  first  delected  nfter  10  hours.  It  nppenred  In  the  cytoplasm,  but  failed  to  show  a 
significant  Increase  In  numbors.  It  was  possible  to  show  virus  accumulating  at  the  per¬ 
iphery  of  allantoic  mombranos  within  12  hours  when  embryos  were  Incubated  at  37°  C. 
No  virus  iw  cumulation  wns  observed  In  membranes  from  embryos  Incubated  at  20°  C. 
Single-caged  mice  pre-exposed  nnd  mnlntnlned  at  4°  C  showed  mnssive  virus  Invasion 
of  lung  and  bronchi,  whllo  group-caged  mice  showed  only  minimal  virus  invasion. 


The  effect  of  cold  upon  the  course  of  Influenza  virus  infections 
represents  a  special  problem  in  host-parasite  relationships.  Is  the 
primary  influence  of  temperature  a  factor  altering  the  biology  of  a 
host,  or  is  it  directed  againstthevirus?\Vhich  is  of  greater  impor- 
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tance,  physiological  patterns  of  the  host,  or  virus  infectivity? 

This  study  was  concerned  with  the  initial  stage  of  virus-cell 
interaction  using  influenza  virus  with  selected  hosts  as  the  experi¬ 
mental  model.  The  Influence  of  low  temperature  upon  the  Interaction 
has  been  examined  from  the  standpoint  of  its  effect  upon  virus  in¬ 
fectivity. 

The  proposal  that  neuraminidase  facilitates  the  penetration  of  a 
host  cell  by  influenza  virus  presumes  that  infectious  virus  should 
possess  enzyme  activity.  This  viewpoint  has  been  presented  by 
Gottschalk  (1957)  who  believes  enzyme  action  renders  cell  wall 
mucoproteins  more  permeable  to  virus  and  thereby  facilitates 
virus  penetration  of  a  host  cell. 

This  study  began  with  the  knowledge  that  experimental  influenza 
infections  have  been  represented  as  occurring  inthe  absence  of  en¬ 
zyme  action  (Fazekas,  1948;  Fazekas  and  Graham,  1949).  Without 
adopting  a  position  on  the  essentiality  of  enzyme  to  the  infectious 
process,  it  was  reasoned  that  clues  to  the  influence  of  cold  upon  vi¬ 
rus  infectivity  might  be  gained  by  a  consideration  of  the  effect  of 
cold  upon  neuraminidase  production  by  influenza  virus. 


THE  EFFECT  OF  COLD  UPON  THE  NEURAMINIDASE  ACTIVITY 
OF  INFLUENZA  VIRUS 


Enzyme  action  was  measured  by  two  methods.  The thiobarbituric 
acid  (TBA)  method  of  Warren  (1959)  was  used  to  determine  the  free 
neuraminic  acid  resulting  from  combination  of  virus  and  a  neura¬ 
minic  acid  containing  substrate.  A  neuraminmucoid  substrate  was 
prepared  from  oriental  "edible  birds  nest"  by  a  modification  of  the 
method  of  Lawton  et  al.  (1956).  Edible  birds  nest  is  a  salivary  mu¬ 
coid  produced  by  the  Collocalia  species  of  swift.  The  second  method 
included  the  use  of  ovomucin  obtained  from  hens  eggs  (Gottschalk 
and  Lind,  1949)  in  an  inhibitor  reduction  (IR)  titration  following  com¬ 
bination  of  virus  and  ovomucin  (Isaacs  and  Edney,  1950). 
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Figure  2,  The  effect  of  neuraminidase  concentration  upon  the  release  of  neuraminic 
acul  from  mixtures  of  influeruu  virus  (A2/Jap  305/57)  and  neur.iniin  mucoid  at  37°  C. 

Using  neuraminmucoid  and  enzyme  mixtures  incubated  at  37°  C, 
free  neuraminic  acid  was  linearly  split  off  during  the  first  20  min¬ 
utes.  When  the  same  mixtures  were  combined  and  incubated  at  20°  C 
a  slow  linear  increase  in  free  neuraminic  acid  was  observed  during 
the  30  minute  test  interval.  No  reaction  tookplace  within  30  minutes 
at  4  C.  The  use  of  the  IR  method  for  measurement  of  enzyme  action 
confirmed  the  findings  of  the TBA  analyses.  Differences  observed  in 
the  results  obtained  by  the  two  methods  were  indicative  either  of  a 
different  order  of  sensitivity,  or  a  difference  in  the  substance  being 
measured.  For  example  the  IR  titration  gave  a  yield  of  approxi¬ 
mately  90  per  cent  split  product  compared  to  about  53  per  cent  for 
the  TBA  method.  Enzymic  action  at  20°  C  demonstrated  by  TBA 
analysis  was  not  shown  by  the  IR  method. 

The  concentration  of  enzyme  affected  the  release  of  neuraminic 
acid  as  shown  in  Figure  2.  Not  only  was  the  rate  of  release  propor¬ 
tional  to  enzymic  concentration,  but  also  to  the  total  amount  re¬ 
leased.  The  same  result  using  other  substrate  materials  at  37°  C 
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was  reported  recently  by  Noll,  Aeyagi  and  Orlando  (1961)  and  Mayren 
et  al.  (1961). 

When  ovomucin  was  used  In  place  of  neuraminmucoid,  different 
results  were  obtained.  Enzymic  destruction  of  substrate  occurred 
rapidly  at  all  temperatures  when  measured  by  the  IR  method.  Only 
slight  differences  in  the  rate  of  of  substrate  hydrolysis  and  the  time 
required  to  reach  the  same  endpoint  could  be  shown.  The  results  of 
the  TBA  analyses  showed  the  rate  of  enzymic  attack  on  ovomucin  to 
be  similar  to  the  values  found  with  neuraminmucoid. The  efficiency 
of  the  hydrolysis  was  considerably  improved,  however,  and  indicated 
a  more  labile,  more  available  enzyme-  vulnerable  structure  (Fig.  3). 

The  inhibitory  titer  of  the  two  inhibitor  preparations  for  indicator 
virus  varied  markedly.  Based  on  thebound  neuraminic  acid  content, 
ovomucin  containing  3  x  1(T4  micrograms  was  inhibitory.  Using  the 
same  basis  neuraminmucoid  containing  7  x  10-8  micrograms  was 
inhibitory.  The  ovomucin  inhibitory  value  of  3  x  10~4  micrograms 
agreed  well  with  the  value  4-8  xlO-4  micrograms  reported  by  Gott- 
schalk  and  Lind  (1949)  for  their  preparation  of  ovomucin.  Tamm  and 
Horsfall  (1952)  reported  an  inhibitor  titer  of  3  x  10" 4  for  urinary 
mucoprotein  at  equilibrium  with  influenza  virus.  There  are  no 
values  published  for  neuraminmucoid. 

Ovomucin  contained  0.18  per  cent  total  protein,  determined  by  the 
Biuret  test;0.05per centhexose, determined bythe  modified  Orcinol 
method  of  Rosevear  and  Smith  (1961);  and  1.5 micrograms  per  ml  of 
total  bound  neuraminic  acid.  The  neuraminmucoid  preparation  con¬ 
tained  4.86  per  cent  total  solids,  1.68  per  cent  total  protein,  0.97 
per  centhexose,  and  11  micrograms  per  ml  of  bound  neuraminic  acid. 

For  the  purposes  of  the  study,  the  results  showed  that  neuramini¬ 
dase  continued  to  attack  substrate  at  20°  C,  but  with  decreased 
efficiency.  Both  the  rate  and  extent  of  enzyme  action  were  affected. 
The  marked  difference  in  the  values  obtained  with  ovomucin  and 
neuraminmucoid  substrates  was  interpreted  as  the  result  of  chem¬ 
ically  different  compounds  possessing  enzyme-labile  structures  of 
varying  accessibility  and  possibly  different  chemical  composition. 
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SIMULTANEOUS  MEASUREMENTS  OF  VIRUS,  INHIBITOR,  AND 
ENZYME  LEVELS  DURING  INFLUENZA  INFECTIONS 


In  order  to  examine  the  effect  of  low  temperature  upon  virus  in- 
fectivity,  studies  were  directed  toward  the  relationships  existing  be¬ 
tween  virus  multiplication,  enzyme  production,  and  inhibitor  levels 
in  the  infected  host.  The  relationships  were  determined  first  at  the 
normal  environmental  temperature  of  the  host  and  secondly  at  sub¬ 
normal  temperatures.  Both  the  chick  embryo  and  white  mouse  were 
used  as  experimental  hosts.Special  attention  was  given  to  A2  strains, 
several  of  which  had  been  isolated  from  fatal  human  cases  of  influ¬ 
enza.1  In  addition,  A  and  A1  strains  were  used.  The  enzyme  activity 
of  the  different  strains  varied  from  the  A1  which  possessed  low 
reactivity,  to  the  A  strains  which  varied  from  low  to  intermediate 
reactivity,  to  the  A2  strains  which  had  the  greatest  activity. 

A  typical  experiment  using  the  chick  embryo  was  conducted  as 
follows.  Ten- twelve  day  embryos  were  injected  via  the  allantoic 
fluid  with  0.1  ml  volumes  of  virus  of  known  concentration.  A  similar 
number  of  control  embryos  were  injected  in  the  same  way  with  the 
same  volume  of  diluent.  Control  and  test  embryos  were  incubated  at 
36°  C  to  37°  C  and  20°  C.  Six  to  ten  embryos  from  each  group  were 
removed  at  regular  intervals  following  injection,  the  allantoic  mem¬ 
branes  were  harvested,  washed,  and  weighed,  and  50  per  cent  sus¬ 
pensions  were  then  prepared.  Aliquots  of  the  suspensions  were 
rapidly  frozen  and  stored  at  -70°  C.  The  membrane  suspensions 
were  examined  for  their  virus  content  by  means  of  chick  embryo 
LD50  titrations.  The  enzyme  content  was  determined  by  TBA  or  IR 
assay,  and  the  inhibitor  level  was  measured  using  indicator  virus. 

The  result  of  a  typical  experiment  conducted  at  37°  C  using  A2 
strains  was  as  follows.  Virus  multiplication  was  indicated  by  a 
steady  increase  indetectable  virus  after  1  hour.  Beginning  at  4  hours 
the  inhibitor  content  of  the  membranes  began  to  decline  and  con- 


l  Obtained  through  the  courtesy  of  Dr.  R.Q.  Robinson,  International  Influenza  Center  for 
the  Americas,  Communicable  Disease  Center,  US  Public  HealthServlce,  Atlanta,  Georgia, 
and  Dr,  A.  F,  Rasmussen,  Jr.,  University  of  California  Medical  Center,  Los  Angeles, 
California. 
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Figure  5a.  Virus  multiplication,  enzyme  production  and  in-  Figure  5b.  Enzyme  synthesis  in  influenza  (A2/Jap/57)  in¬ 
hibitor  content  in  influenza  (.\2/Jap  305/57)  membranes  at  fected  membranes  at  20°  C.  Allantoic  membrane  (AM)- 

20°  C.  Virus  concentration  (log  CHin^) :  . In-  test:  AM- Control: - Allantoic  fluid  (AF)  -  test; 

hibitor  content  (%  reduction  inhibitor):  ....  Enzyme  pro-  .  .  .  •  .  \F  -  Control, 

duction  (%  split  product). 
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tinued  to  fall  throughout  the  24  hour  test  period.  Sometime  after  12 
hours  the  production  of  enzyme  within  the  membranes  was  detected, 
with  a  steady  increase  shownduringtheremainder  of  the  test  period. 
Confirmation  of  the  fabrication  of  enzyme  within  the  Infected  allan¬ 
toic  membrane  was  obtained  in  separate  experiments  by  detection  of 
a  rise  of  free  neuraminic  acid  as  measured  by  the  TBA  assay.  The 
level  of  free  neuraminic  acid  in  infected  membranes  began  to  in¬ 
crease  at  12  hours  after  infection  and  continued  to  increase  through 
24  hours.  No  increase  could  be  shown  for  the  non- infected  mem¬ 
branes  (Fig.  4). 

When  experiments  of  this  kind  were  conducted  withA2  strains  in 
chick  embryos  incubated  at  20°  C,  thefollowingresults  were  found. 
There  was  no  significant  increase  inthe  virus  concentration  of  mem¬ 
branes,  no  decrease  in  inhibitor  level,  and  no  enzyme  formation  was 
detected.  Again  there  was  agreement  between  inhibitor  reduction 
titrations  and  TBA  assays  (Fig.  5). 

The  findings  obtained  in  chick  embryos  with  A2  strains  possessing 
a  high  enzyme  activity  were  next  compared  to  the  results  found  with 
a  PR-8  strain  of  low  enzyme  activity.  Virus  multiplication  and  en¬ 
zyme  production  occurred,  and  the  inhibitor  level  decreased  accord¬ 
ingly  when  the  experiment  was  conducted  at  37°  C.  At  20°  C  no  virus 
growth  or  enzyme  production  was  detected.  The  inhibitor  level 
fluctuated  but  did  not  show  a  steady  decline  (Fig.  6). 

Throughout  the  study  a  virus  inoculum  of  1000  LD50  doses  was 
used.  It  was  decided  to  determine  the  effect  of  increasing  the  doses 
given  in  the  inoculum  upon  the  relationships  of  enzyme  production 
and  inhibitor  content.  Accordingly,  an  inoculum  of  10^  LDgg  doses 
per  embryo  was  used.  The  net  result  was  an  accelerated  appearance 
of  enzyme  and  earlier  decline  of  inhibitor.  The  virus  content  of 
membrane  reached  an  early  peak  accompanied  by  a  rapid  rise  in  en¬ 
zyme  production  between  6  and  9  hours.  Membrane  inhibitor  fell 
rapidly  between  2  and  6  hours  (Fig.  7). 

The  pattern  of  events  emerging  from  these  experiments  confirmed 
the  existence  of  a  direct  relationship  between  virus  multiplication 
and  the  appearance  of  enzyme  activity  in  the  allontoic  membrane. 
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Nell  et  al.,  (1961)  reported  similar  findings inan  earlier  publica¬ 
tion  which  dealt  with  Infected  chick  embryos.  Accompanyingthe  rise 
In  virus  titer  and  enzyme  content  was  a  corresponding  drop  In  the 
concentration  of  membrane  inhibitor.  This  finding  tended  to  support 
the  contention  of  Isaaos  and  Edney  (1950)  who  Indicated  a  role  for  in¬ 
tracellular  receptors  In  Influenza  infections  on  the  basis  of  a  corre¬ 
lation  between  the  effectiveness  of  indicator  viruses  as  Interfering 
agents  and  their  position  In  the  "inhibitor  gradient"  of  allantoic  mem¬ 
brane  extracts.  The  time  of  appearance  of  enzyme  depended  on  the 
speed  of  virus  growth.  When  10^  LDgj  doses  were  given,  enzyme  for¬ 
mation  was  usually  deteoted  after  12  hours.  If  the  number  of  LDgQ 
doses  administered  was  Increased  tol07,enzymeformationwas  ob¬ 
served  between  6  and  9  hours.  These  results  were  in  agreement  with 
previously  reported  findings  on  vlruB  multiplication  by  Henle(1953) 
a  nd  Acker  mann  and  Francis  (19  54) .  When  the  environmental  tempera¬ 
ture  was  decreased  to  20°  C,  virus  growth  failed  to  materialize,  no 
enzyme  was  fabricated  and  the  inhibitor  level  remained  unchanged. 

Once  the  relationships  of  enzyme  fabrication,  virus  growth,  and 
inhibitor  decline  had  been  shown  in  embryos,  attention  was  directed 
to  these  same  considerations  in  influenza  infected  mice.  Albino  mice 
were  infected  intranasally  with  mouse  adapted  A2  and  Al  strains. ^ 
Two  groups  of  mice  were  established,  one  group- caged  at  the  normal 
animal  room  temperature  of  20°  C,  and  the  other  at  4°  C.  The  mice 
placed  at  4°  C  were  individually  caged  in  plastic  containers  without 
bedding  material.  Water  was  added  to  the  containers  in  amounts  ade¬ 
quate  to  give  a  thindiscontinuous  film  of  moisture  covering  the  floor. 
The  mice  were  maintained  at4°C  until  signs  of  distress  were  noted. 
These  included  shivering,  ruffled  fur,  apathy  to  stimuli,  and  blanched 
ears.  Mice  from  the  two  groups  received  an  inoculum  previously  de¬ 
termined  to  give  50  per  cent  lung  consolidation  at  48  hours  in  mice 
maintained  at  20°  C.  An  equal  number  of  control  mice  from  the  two 
groups  received  an  inoculum  of  sterile  saline.  Further  control  mice 
were  inoculated  to  determine  the  50  per  cent  lung  consolidation  end¬ 
point.  Mice  from  test  and  control  groups  at  20°  C  and  4°  C  were 
sacrificed  at  0,  8,  24  and  48  hours.  Lungs  and  trachea  were  exam¬ 
ined  for  their  virus  titer,  enzyme,  and  inhibitor  content. 


2  Obtalnod  through  tho  courtosy  of  Dr.  T,  Francis,  Jr,,Sohool  of  Public  Health,  Uni- 
verslty  of  Michigan,  Ann  Arbor,  Michigan. 
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Gross  macroscopic  examination  of  the  lungs  showed  complete  con¬ 
solidation  to  have  occurred  in  the  mice  kept  at  4°  C  while  50  per 
cent  consolidation  was  found  in  lungs  removed  from  mice  kept  at 
20°  C.  Enzyme  production  occurred  in  both  groups,  but  inhibitor 
levels  declined  only  in  the  cold  exposed  mice.  A  cold  environment, 
therefore,  led  to  a  more  rapid  growth  of  virus  which  in  turn  led  to  a 
greater  yield  of  enzyme  and  a  decline  in  inhibitor  content  (Fig.  8). 

The  Importance  of  neuraminidase  activity  to  cell  damage  was 
shown  by  the  results  obtained  following  inoculation  of  mice  with  A1 
and  A  strains  having  no  detectable  enzyme  action.  Virus  multipli¬ 
cation  was  limited,  no  enzyme  was  produced  and  there  was  no  loss 
of  inhibitor.  The  lungB  removed  at  sacrifice  were  normal  in  appear¬ 
ance  and  no  cell  damage  could  be  demonstrated  (Fig.  9). 


FLUOROCHROME  STUDIES  OF  EXPERIMENTAL 
INFLUENZA  INFECTIONS 


Host  response  to  virus  infection  at  the  cellular  level  was  studied 
with  the  help  of  the  fluorochrome  acridine  orange.  Monkey  kidney 
monolayers  were  infected  with  A2  strains  of  high  and  low  enzyme 
activity  at  environmental  temperatures  of  20°  C  and  37°  C,  and  ex¬ 
amined  at  intervals  up  to  5  days.  "Flying  coverslips"  were  fixed  in 
chilled  absolute  methyl  alcohol,  hydrated,  and  stained  5  to  9  minutes 
with  a  1  to  10,000  dilution  of  acridine  orange  at  a  pH  of  3.8.  The 
coverslips  were  examined  with  a  Fluorestar  microscope  used  in 
conjunction  with  an  Osram  HBO-200  illuminator.  The  exciter  filter 
used  was  a  Corning  No.  5860,  half- thickness  filter.  Photomicro¬ 
graphs  were  made  using  Ektachrome,  type  B  film. 

Non-infected  monolayers  showed  the  green  fluorescing  nuclei 
characteristic  of  DNA  material,  with  yellowish- white  nucleoli.  The 
cytoplasm  exhibited  a  rust  color  symptomatic  of  RNA.  Six  hours 
after  infection  the  cytoplasm  around  the  nucleus  began  to  show  a 
brighter  rust  fluorescence.  By  18  hours  the  fluorescence  became  a 
bright  orange-red  color  and  could  easily  be  distinguished.  At  30 
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hours  cytoplasmic  Inclusions  were  observed.  From  72  to  96  hours 
the  infected  cell  showed  extensive  cytopathogenic  change.  The  spe¬ 
cificity  of  the  stain  was  controlled  by  the  use  of  RN'ase  which  made 
it  possible  to  distinguish  the  presence  of  nonspecific  staining. 

The  sequence  of  events  in  the  invasion  of  cell  monolayers  did  not 
differ  noticeably  at  37°  C  or  20°  C.  The  presence  of  virus,  its  Intra- 
cytoplasmlc  growth,  cytopathology,  and  cell  destruction,  could  not 
be  differentiated  with  certainty  at  the  two  temperatures. 

Examination  of  allantoic  membranes  was  accomplished  by  means 
of  paraffin  sections  prepared  after  the  method  of  Coons  and  Sainte- 
Marie  (1960).  Three  to  five  micron  sections  were  cut  on  a  rotary 
microtome  and  stained  with  acridine  orange.  Virus  growth  at  37°  C 
was  shown  to  occur  predominantly  in  the  entodermal  cells  lining  the 
allantoic  cavity,  although  some  virus  staining  material  was  found  in 
the  ectoderm.  Infected  membranes  kept  at  20°  C  showed  practically 
no  vii’us  staining  material  in  the  entodermal  cells. 

When  sections  of  mouse  lung  were  examined,  the  extent  of  virus 
Invasion  was  shown.  A  section  of  non-infected  mouse  lung  failed  to 
show  virus-staining  material.  Sections  of  lungs  from  mice  infected 
at  20°  C  showed  virus-staining  material  gathered  around  the  bronchi 
as  well  as  scattered  throughout  the  lung.  Sections  from  infected 
mice  of  the  4°  C  group  showed  a  more  massive  accumulation  of 
virus-staining  material.  Greater  concentrations  of  virus  appeared 
immediately  adjacent  to  the  bronchi. 

The  results  of  the  fluorochrome  examinations  furnished  visual 
evidence  that  the  neuraminidase-active  strains  of  influenza  used  in 
the  study  found  their  way  into  host  cells  of  chick  embryos,  monkey 
kidney  monolayers  and  mice.  The  initial  stage  of  cell  invasion  was 
not  affected  by  the  degree  of  enzyme  activity  associated  with  the  A2 
strains.  Thus,  strains  of  high  enzyme  activity  could  not  be  shown  to 
possess  u  penetration  advantage  over  strains  of  low  enzyme  activity. 
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DISCUSSION 


The  measure  of  infectious  virus  used  in  the  study  was  the  ability 
to  multiply  sufficiently  within  a  host  cell  to  damage  it  by  means  of 
enzymic  attack.  The  direct  relationship  shown  between  celldamage 
and  neuraminidase  production  led  to  this  conclusion.  Proceedingon 
this  basis,  the  results  indicated  that  cold  had  no  effect  per  se  upon 
the  infectious  quality  of  virus.  For  example,  the  penetration  of  a  host 
cell  was  not  affected,  and  the  in  vitro  effect  upon  neuraminidase  ac¬ 
tivity  was  minimal.  Instead,  cold  was  shown  to  exert  an  influence  on 
the  host-parasite  relationship  subsequent  to  virus  penetration.  The 
findings  suggested  that  cold  acted  to  alter  some  host  structure  im¬ 
portant  for  defense  and  accordingly  render  the  cell  more  vulnerable 
to  enzyme  action.  It  was  postulated  that  the  structure  affected  by  cold 
was  mucoprotein  in  nature.  This  viewpoint  would  represent  a  modi¬ 
fication  of  Gottschalk's  enzyme  penetration  theory  (19  57).  The  impor¬ 
tant  difference  lies  in  the  relationship  of  enzyme  activity  to  cell 
damage  in  the  present  study,  rather  than  cell  penetration. 

The  results  were  an  extension  of  the  findings  of  Sulkin  (1945)  who 
reported  a  more  serious  infection  in  cold  exposed  mice  with  little 
change  in  mortalities.  The  fatalities  occurring  in  the  present  study 
were  attributed  to  a  combination  of  enzymic  competence  of  the  virus 
strains  used  and  physiologic  insult  sustained  by  the  mice. 

The  findings  of  the  present  study  constituted  an  interesting  con¬ 
trast  to  the  results  reported  by  Sarracino  and  Soule  (1941),  These 
authors  suggested  that  infection  depends  on  the  amount  and  virulence 
of  virus  rather  than  the  general  resistance  of  the  host.  My  study 
indicated  that  virus  possessing  enzyme  activity  was  infectious  and 
thus  virulent.  It  also  showed  that  the  severity  of  influenza  infections 
was  not  the  exclusive  result  of  virus  virulence,  but  could  be  con¬ 
ditioned  by  cold-induced  physiologic  alterations  within  a  host. 

An  attempt  at  translation  of  the  results  of  the  present  study  in 
terms  of  the  "winter  factor"  of  Andrewes  (1958)  would  be  presump¬ 
tuous.  The  results  did  suggest,  however,  that  a  study  of  physiologic 
alterations  of  mucoprotein  structures  of  a  cell  exposed  to  virus 
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possessing  enzymic  competence  might  provide  clues  to  the  nature  of 
the  winter  factor. 


SUMMARY 


Infectious  influenza  virus  was  considered  to  be  characterized  by 
an  enzymic  potential  capable  of  causing  host  cell  damage.  No  effect 
of  cold  upon  Infectious  virus  per  se  could  be  shown.  Any  influence 
exerted  by  cold  upon  experimental  influenza  infections  was  shown  to 
be  closely  related  toahost-inducedeffect.Hostcell  damage  was  be¬ 
lieved  to  follow  enzymic  action  upon  muco- protein  structures  of  the 
cell. 
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DISCUSSION 


REINHARD:  Dr.  Walker,  what  is  the  temperature  of  a  baby 
mouse? 

WALKER:  I  don't  know,  but  I  would  like  to.  This  brings  up  a 
very  interesting  point.  I  indicated  that  we  have  begun  work  in¬ 
volving  using  both  tissues  of  baby  mice  and  adult  mice.  It  is 
quite  evident  that  raising  the  body  temperatur^  of  a  baby  mouse 
does  not  produce  the  same  effects  that  I  showed  here  for  the 
adult  mouse.  We  have  exposed  infant  mice  to  incubator  tem¬ 
peratures  up  to  about  35°  C.  Above  this  temperature,  the  infant 
mice  do  not  survive.  I  think  perhaps  the  baby  mice  could  tolerate 
higher  temperatures,  but  the  mother  refuses  to  feed  them  or 
her  lactation  stops  at  higher  temper atures.  She  apparently  has 
enough  troubles  at  that  temperature  without  having  these  little 
furnaces  hanging  on  her,  so  she  retreats  to  the  opposite  side 
of  the  cage  and  the  mice  are  not  fed.  1  don't  know  what  the  tem¬ 
perature  of  baby  mice  is  at  ambient  temperatures  of  35°  C, 
but  I  think  it  is  probably  higher  than  normal.  I  haven't  succeeded, 
so  far,  in  finding  a  probe  that  will  allow  me  to  measure  the 
body  temperature  of  a  forty-eight-hour-old  infant  mouse. 

One  other  tiling  should  be  pointed  out,  too,  and  that  is  that  the 
pancreas  appears  to  be  different  from  other  tissues.  Coxsackie 
virus  will  multiply  in  the  pancreas  of  the  adult  mouse  even  at 
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ordinary  temperatures,  but  one  can  raise  the  body  temperature 
sufficiently  so  that  even  this  multiplication  is  choked  off. 

NIJNGESTER:  This  pancreas  thing  Intrigues  me  very  much. 

WALKER:  It  Intrigues  me,  too,  because  there  are  other  vi¬ 
ruses  that  seem  to  multiply  well  in  the  pancreas. 

NUNGESTER:  But  by  and  large,  the  pancreas  is  not  suscep¬ 
tible  to  bacterial  infection,  at  least  as  far  as  1  know. 

WALKER:  But  I  think  it  is  susceptible  to  a  number  of  viruses. 

REINHARD:  I  might  offer  the  information  of  some  recent  gastro¬ 
enterological  research  which  indicates  that  the  pancreas  has 
different  proclivity  for  amino  acid  uptake.  Certain  kinds  of  amino 
acids  are  readily  absorbed  by  the  pancreas,  and  this  might  be 
one  of  the  differences  causing  increased  tissue  susceptibility. 

WALKER:  So  far,  we  have  had  great  difficulty  in  trying  to 
get  it  to  persist  or  multiply  in  culture. 

METCALF:  Dr,.  Walker,  1  think  you  have  a  very  interesting 
theory.  In  view  of  your  results  as  well  as  the  work  of  Dubos  and 
Wenner,^  1  wonder  if  you  are  forced  to  describe  a  polydisperse 
virus  population  with  respect  to  genetic  variance.  Are  you  se¬ 
lecting  one  member  of  a  polydispersed  population  at  a  given 
temperature? 

WALKER:  I  am  not  any  more  worried  with  that  than  with  any 
other  explanation  of  multiplication  at  any  temperature.  I  think 
temperature  is  going  to  be  a  selective  force  on  virus  popula¬ 
tions,  and  I  think  that,  as  Lwoff  has  shown,  it  is  possible  to 
isolate  strains  that  are  capable  of  multiplying  at  higher  tem¬ 
peratures.  This  is  part  of  the  basis  for  his  contention  that  tem¬ 
perature  is  related  to  virulence.  Is  this  pertinent  to  your  question? 


I  Dubes,  0.  II.,  and  H,  A.  Wenner.  Virology  4:  27  5-296. 
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METCALF:  I  wondered  If  you  felt  this  to  be  a  condition  which 
might  prove  deleterious  to  your  theory. 

WALKER:  No,  I  think  that  this  is  reasonable.  This  is  just 
another  selective  pressure,  and  we  will  have  the  same  problems 
with  selection  that  will  apply  to  any  other  explanation  of  the 
effect  of  temperature  on  infection. 

CAMPBELL:  I  might  point  out  that  it  is  pretty  well  known 
that  in  neonatal  animals  there  is  a  question  whether  they  pro¬ 
duce  any  antibodies  at  all  so  that  when  you  expose  them  to  anti¬ 
gen,  they  may  actually  exhibit  a  so-called  tolerance  or  immune 
paralysis.  Their  immune  mechanism  is  not  working  at  this  point. 
You  had  an  exposure  of  six  days  at  25°  C. 

WALKER:  And  then  a  shift  to  cold. 

CAMPBELL:  Yes,  and  then  in  this  case,  you  didn't  have  any 
effect. 

WALKER:  Right. 

CAMPBELL:  I  was  wondering  whether  you  thought  that  this 
exposure,  some  way  or  another,  actually  causes  an  adaptation. 

WALKER:  The  point  was,  if  they  were  held  at  ordinary  room 
temperature  for  as  long  as  six  days  after  receiving  virus,  then 
the  shift  to  4°  C  had  no  effect,  but  after  only  four  days,  the  cold 
still  caused  high  mortality.  My  explanation  or  speculation  is 
this;  by  six  days,  the  virus  has  been  reduced  to  very  low  levels 
in  practically  all  of  the  tissues  except  the  pancreas.  By  that 
time,  there  is  still  a  lot  of  antibody  in  the  blood,  and  although 
virus  activity  might  be  increased  in  the  pancreas,  there  would 
be  no  opportunity  for  it  to  be  disseminated  widely  to  other  tis¬ 
sues  that  would  be  made  more  susceptible  by  the  lowered  tem¬ 
perature.  The  virus  must  be  widely  spread  to  cells  before  anti¬ 
body  appears  in  the  blood,  and  the  exposure  to  cold  must  occur 
while  there  is  still  a  sufficient  quantity  of  virus  in  the  tissues. 

I  would  expect  in  most  of  these  tissues  that  the  virus  is  pretty 
well  gone  by  six  days. 
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PREV1TE:  Your  findings  are  parallel  in  some  ways  to  those 
that  I  have  reported  on  endotoxin.  If  cold  exposure  was  delayed 
too  long,  the  animal  had  manipulated  this  poison  somehow  so 
that  he  was  no  longer  sensitized  to  it  by  cold  stress. 

WALKER:  Then  your  test  material  is  gone. 

PREVITE:  Correct. 

SULKIN:  Dr,  Campbell  called  attention  to  the  fact  that  the 
infant  mouse  does  not  produce  antibody.  Coxsaclde  viruses  are 
unique  among  viruses  in  that  they  elicit  an  antibody  response 
very,  very,  rapidly.  In  man,  for  example,  antibodies  are  demon¬ 
strative  very  early  after  first  signs  of  infection.  Yet  a  week- 
old  mouse  will  produce  antibody,  whereas  the  one-day- old  mouse 
will  not.  Overland  showed  that  the  maturation  of  the  antibody 
forming  mechanism  in  the  animal  accounts  for  this  rapid  acqui¬ 
sition  of  resistance  to  infection  with  Coxsaclde  viruses, 

MITCHELL:  Will  someone  please  define  for  me  this  infant 
mouse?  Don't  say  baby;  I  know  that. 

WALKER:  In  Coxsaclde  B-I  virus  infection,  for  instance,  the 
mouse  is  most  sensitive  to  the  virus  up  to  about  forty-eight 
hours  in  age.  Large  inocula  of  this  virus  will  cause  lethal  in¬ 
fections  in  mice  up  to  about  eight  days  of  age,  but  then  there 
is  a  very  abrupt  cut-off  with  no  deaths  occurring  in  mice  in¬ 
oculated  at  an  older  age.  But  the  mice  are  most  susceptible  to 
small  inocula  in  their  first  forty-eight  hours  after  birth. 

MITCHELL:  I  was  interested  in  those  extra  days  of  exposure; 
after  this  delay,  the  animal  would  be  ten,  eleven,  or  twelve  days 
old. 

WALKER:  No,  you  misunderstood,  because  this  exposure  to 
cold  is  in  adult  mice.  The  infant  mouse  enters  in  here  only  be¬ 
cause  the  adult  mouse  in  the  cold  behaves  rather  like  the  infant 
mouse  at  normal  room  temperature. 

PREVITE:  Dr.  Walker,  in  some  of  your  data  you  mentioned 
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that  you  used  ACTH,  and  this  apparently  didn't  enhance  viral 
multiplication.  What  was  die  regimen  that  you  used  and  how  many 
injections  did  you  give? 

WALKER:  Four  mg  in  gel,  as  I  recall,  given  every  twelve 
hours  for  a  period  of  six  days.  ACTH  has  been  shown  very  rarely 
to  have  an  effect  upon  viral  infections  in  the  mouse.  I  don't 
understand  why  it  should  not.  You  showed  the  effect  of  ACTH 
upon  toxin,  but  this  may  be  quite  a  different  thing.  ACTH  does 
produce  physiological  changes  in  the  mouse  that  indicate  that 
the  ACTH  is  active,  but  the  failure  of  ACTH  to  aggravate  viral 
infections  seems  to  be  a  peculiarity  of  the  mouse.  Cortisone 
has  quite  an  effect  upon  viral  infection  in  the  mouse,  but  ACTH 
has  very  little. 

McCLAUGHRY:  Certainly  the  thesis  that  Dr.  Watson  has  pre¬ 
sented  appeals  to  me  very  much  as  a  person  interested  in  human 
physiology  because  of  the  fact  that  the  general  pattern  of  inter¬ 
actions  of  related  functions  of  cells  and  tissues  fits  the  category. 
The  modifications  of  a  particular  kind  of  cell  reaction  or  tis¬ 
sue  reaction  modifies  the  balance  among  all  functions,  and  there¬ 
fore,  the  modification  of  temperature  at  which  cells  are  held 
might  very  well  favor  certain  enzymic  processes  which  would 
be  involved,  perhaps,  in  replication  of  viral  protein  as  compared 
with  certain  other  cellular  processes. 

MARROW:  Does  the  level  of  interferon  which  responds  to 
the  increase  in  temperature  account  for  part  of  this  decrease 
in  virulence  with  increased  temperatures? 

ANDREWES:  I  think  it  may  work  another  way.  Issacs  gave 
a  review  on  interferon  at  the  Montreal  meeting;  one  of  the  things 
that  he  mentioned  was  that  he  has  been  in  touch  with  Lwoff  about 
this,  and  he  feels,  concerning  the  virulence  of  the  strains  of 
virus  which  do  better  at  high  temperatures,  that  perhaps  they 
are  able  to  do  so  because  they  become  less  sensitive  to  the 
action  of  interferon. 
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ABSTKACT 

Having  established  the  susceptibility  of  insectivorous  bats  held  at  24°  C  to  29°  C  to 
experimental  infection  with  rabies  and  encephalitis  viruses  and  determined  that  virus 
partiolos  introduced  peripherally  may  invade  and  multiply  in  brown  fat  in  addition 
to  other  tissuos,  studies  were  extended  to  establish  the  influence  of  low  temperature 
on  the  course  of  those  infections  in  these  nnimals.  Viral  proliferation  In  interscapular 
brown  fat,  an  organized,  bl-lobed  structure  believed  to  be  present  in  all  hibernating 
animals,  suggested  that  this  tissue  might  provide  n  focus  of  infection  or  target  organ 
from  which  virus  could  disseminate  to  other  tissues.  In  view  of  the  function  of  brown 
fnt  in  maintaining  the  hibernating  animal,  it  seemed  logical  to  assume  that  virus  par- 
tlclos  present  in  this  tissue  would  remain  vtnblc  during  periods  of  hibernation,  sus¬ 
tained  by  the  same  mechanism  which  nurtures  the  whole  animal,  and,  upon  arousal  of 
the  animal  would  multiply  and  disseminate  to  other  sites.  This  rationale  has  formed 
the  basis  for  our  studies  on  the  influence  of  low  temperature  on  viral  multiplication 
in  bats  and  the  data  to  be  presented  will  be  drawn  from  the  following  major  areas  under 
investigation:  (1)  The  susceptibility  of  various  species  of  bnts  maintained  at  24°  C  to 
29°  C  to  experimental  infection  with  rnbies  and  encephalitis  viruses.  (2)  The  influence 
of  low  temperature  on  initiation  of  viral  infection  in  bats  and  on  the  course  of  a  pre¬ 
viously  established  infection  in  those  animals.  (3)  The  Influence  of  low  temperature 
on  antibody  formation  in  bnts  in  response  to  bnctcrUl  and  viral  antigens  (some  in¬ 
formation  relative  to  rates  of  antigen  and  antibody  degradation  in  the  torpid  bat  will 
also  bo  included).  (4)  Hcferencc  will  be  made  to  studies  on  the  influence  of  low  tempera¬ 
ture  on  viral  multiplication  in  monolayer  and  explnnt  cultures  of  tissues  of  the  bat 
as  compared  with  tissues  of  warm  blooded  anlmnls. 


I  The  original  work  reported  herein  wns  supported  by  research  grants  from  the  Caruth 
Foundation,  the  National  Institutes  of  Health,  United  States  Public  Health  Service,  and  the 
Commission  on  Viral  Infections,  Armed  Forces  Epidemiological  Board,  and  was  sup¬ 
ported  In  part  by  the  Office  of  the  Surgeon  Qcncral,  Department  of  the  Army. 
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The  isolation  of  rabies  virus  from  naturally  infected  insectivorous 
bats  in  the  United  States  inrecent years  has  focused  the  attention  of 
epidemiologists  and  virologists  on  the  Chiroptera  as  still  another 
reservoir  host  for  this  virus  in  nature.  Since  our  laboratory  reported 
the  first  human  death  believed  to  have  been  due  to  the  bite  of  a 
naturally  infected  bat  {SulkinandGreve,1954),webecame  interested 
in  the  association  of  bats  with  rabies  and  more  especially  in  how 
these  animals  are  able  to  survive  infection  with  this  hitherto  pre¬ 
sumed  fatal  viral  infection.  Investigators  in  South  America  and 
Trinidad  demonstrated  that  the  vampire  bat  could  suffer  sustained 
infections  with  rabies  virus  and  pass  the  virus  through  infected 
saliva  to  susceptible  animals  without  themselves  showing  overt 
symptoms  or  succumbing  to  thedlsease(Enright,1956).  Wenow  have 
experimental  evidence  that  insectivorous  species  of  bats  native  to 
the  United  States  may  be  infected  with  rabies  virus  and  never  show 
symptoms  of  the  disease  even  though  virus  can  be  demonstrated  in 
brain  as  well  as  other  tissues  (Sulkin,  1962). 


RABIES  STUDIES  IN  INSECTIVOROUS  BATS 


Studies  on  the  course  of  experimental  rabies  infection  in  insecti¬ 
vorous  bats  were  undertaken  with  the  view  to  determining  the  sus¬ 
ceptibility  of  these  animals  to  peripheral  inoculation  with  rabies 
virus  and  to  ascertain  which  tissues  were  involved  in  the  infection 
(Sulkin  et  nl.,  1959).  We  have  also  attempted  to  determine  the  in¬ 
fluence  of  certain  physiological  characteristics  of  the  bat  on  experi¬ 
mental  rabies  infection  in  these  animals  (Sulkin  et  al.,  1960;  Sims, 
Allen  and  Sulkin,  unpublished  data).  In  this  regard,  the  phenomenon 
of  hibernation  was  the  first  area  to  receive  attention. 

Species  of  bats  which  inhabittemperate  zones  are  efficient  hiber- 
nutors  who  remain  quiescent  for  several  months  of  the  year.  It  has 
been  suggested  that  this  conservation  of  energy  is  the  reason  why 
these  mammals,  despite  their  small  size,  are  relatively  long-lived 
(Griffin,  1958).  Also,  many  investigators  (Rasmussen,  1923,  1924; 
Remillard,  1958;  Johansson,  1959,  1960;  Kayser,  1961)  believe  that 
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the  so-called  "hibernating  gland",  a  bilobed,  organ-  like  accumulation 
of  brown  adipose  tissue  found  in  the  interBcapular  region  of  hiber¬ 
nating  animals  (and  in  certain  non-hlbernators  as  well),  playB  a  role 
in  sustaining  the  hibernating  animal  during  its  period  of  winter  dor¬ 
mancy.  Histochemical  analysis  of  the  interscapular  brown  fat  of  the 
little  brown  bat  (Myotls  L  luclfugus)  indicates  that  this  tissue  builds 
up  quantities  of  lipid  during  pre-hibernation  months  and  that  the 
various  biochemical  constituents  of  this  tissue  are  depleted  as  hiber¬ 
nation  progresses  (Remillard,  19 58).  Studies  comparingthe  nature  of 
brown  and  white  fat  of  several  animal  species  indicate  that  brown 
adipose  tissue  is  histologically  distinct  and  physiologically  more 
active  than  whitefat  (Fawcett,  1952).  Recognition  of  the  role  of  brown 
fat  in  sustaining  the  hibernating  bat  during  periods  of  inactivity,  to¬ 
gether  with  reports  dealing  with  the  multiplication  of  Coxsackie  virus 
(Pappenheimer  et  al.,  1950;  Grodums  and  Dempster,  19 59)  and  polio¬ 
virus  (Shwartzman,  1952)  in  the  brown  fat  of  mice  and  hamsters, 
suggested  that  this  tissue  of  bats  might  provide  a  site  for  rabies 
virus  sequestration  in  the  asymptomatic  host;  a  latent  focus  of  in¬ 
fection  from  which  virus  sustained  during  the  period  of  hibernation 
by  the  same  mechanism  which  nutures  the  whole  animal  could  be 
activated  to  invade  and  multiply  in  other  tissues, including  salivary 
gland,  andtherebybeperpetuatedinnaturebythis  host.  Accordingly, 
experiments  were  undertaken  to  determine  whether  rabies  virus  in¬ 
troduced  peripherally  would,  in  fact,  invade  and  multiply  in  the  brown 
adipose  tissue  of  insectivorous  bats.  Data  compiled  from  such  a 
study  (Sulkin  et  al. ,  19  59)  are  summarized  InTable  I.  Two  species  of 
bats,  the  Mexican  free- tailed  bat  (Tadaridab.  mexicana) , which  is  a 
quasi-hibernator,  and  the  little  brown  bat  (Myotis  1.  lucifugus) ,  a  true 
hibernator,  were  used  in  these  experiments.  A  strain  of  canine  rabies 
virus  Isolated  from  the  brain  of  a  fatal  human  case  was  used.  Each 
bat  received  an  intramuscular  injection  into  the  heavy  muscle  over 
the  chest  of  approximately  8000  mouse  i.c.LDgg  contained  in  0.1  ml. 

Although  the  Mexican  free-tailed  bat  proved  to  be  relatively  un¬ 
susceptible  to  experimental  rabies  infection,  virus  was  demonstrated 
in  the  brown  fat  of  22  per  cent  of  those  animals  shown  to  be  in¬ 
fected  by  viral  assay  in  white  Swiss  mice.  The  infection  in  this 
species  was  most  evident  20  to  40  days  after  intramuscular  inocu¬ 
lation  of  virus.  On  the  other  hand,  rabies  virus  was  found  to  be 
widely  distributed  on  thelittlebrownbat9to  26  days  following  inoc- 
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illation,  and  virus  concentration  in  some  of  the  tissues  approached 
the  level  of  the  stock  mouse  brain  virus  suspension  used  in  inocu¬ 
lating  these  animals.  Virus  was  demonstrated  in  the  brown  fat  of 
30  per  cent  of  the  experimentally  infected  Myotis.  These  data,  to¬ 
gether  with  the  recent  demonstration  of  rabies  virus  in  the  brown 
fat  tissue  in  naturally  infected  insectivorous  bats,  would  support  the 
hypothesis  that  this  tissue  provides  nutriment  for  a  latent  focus  of 
infection  (Bell  and  Moore,  1960  ;Sulkin,  1962).  Studies  are  in  progress 
to  determine  the  frequency  with  which  virus  can  be  demonstrated, 
under  natural  conditions,  in  the  brown  adipose  tissue  of  bats  netted 
in  different  geographic  areas  at  different  times  of  the  year. 

The  mechanism  by  which  brown  fat  may  actually  serve  as  a  depot 
for  storage  of  rabies  virus  is  still  understudy.  A  working  hypothe¬ 
sis  concerns  the  possibility  that  at  least  in  hibernating  species, 
rabies  virus  sequesters  in  brown  adipose  tissue  in  the  quiescent 
host  during  the  period  of  hibernation  and  is  subsequently  activated 
by  the  physiological  alterations  which  occur  prior  to  awakening  and 
by  emergence  into  a  warmer  environment.  Studies  concerned  with  the 
effect  of  low  environmental  temperature  on  the  pathogenesis  of  ra¬ 
bies  in  Insectivorous  bats  would  suggest  that  this  may  actually  be 
the  case.  The  remaining  portion  of  this  discussion  will  be  limited 
to  those  areas  which  relate  to  the  subject  of  this  conference. 

It  is  clear  from  previous  discussions  in  this  conference  that  en¬ 
vironmental  temperature  has  been  shown  to  have  a  significant  effect 
on  several  experimental  virus-host  systems,  both  in  vivo  and  in 
vitro.  It  is  also  apparent  that  the  outcome  of  such  experiments  de¬ 
pends  on  the  particular  virus  used  and  on  the  host  or  cell  system 
under  study  (Sulkin,  1945;  Walker  and  Boring,  1958;  Hoggan  and 
Roizman,  1959;  Lwoff,  1959). 

During  the  course  of  studies  on  the  role  of  Chiroptera  as  reser¬ 
voir  hosts  for  viruses  innature,  itbecame  evident  that  these  exper¬ 
iments  with  bats  provided  an  unusual  opportunity  for  determining  the 
effect  of  temperature  on  viral  multiplication  in  the  intact  animal. 
The  bat  does  not  possess  a  thermoregulatory  mechanism  for  main¬ 
taining  a  constant  normal  body  temperature,  but  rather,  the  body 
temperature  of  a  bat  lsthatofhis  environmnet,  except  when  he  is  in 
the  active  state  of  walking  or  flying  (Hock,  1951;  Morrison,  1959). 
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The  body  temperature  of  resting  bats  has  been  shown  to  parallel 
olosely  that  of  their  environment  over  a  range  of  2°  C  to  30°  C,  and 
the  metabolic  rate  of  these  animals  varies  directly  with  their 
body  temperature  (Hock,  1958). 

Data  have  been  accumulated  comparing  the  course  of  experimental 
viral  infections  in  bats  held  at  5°  C  or  10°  C  with  groups  held  at 
24°  C  or  29°  C  and  with  groups  held  at  low  temperatures  for  a 
period  of  time  and  then  transferred  to  room  temperature  (24°  C)  or 
29°  C  (Sulkin  et  al.,  1960),  Animals  held  in  the  cold  become  torpid 
within  hours  of  being  placed  at  the  low  temperature,  and  we  have 
on  occasion  determined  the  rectal  temperature  of  a  number  of  cold- 
adapted  bats  and  found  it  to  be  quite  close  to  ambient.  On  the  other 
hand,  we  cannot  be  positive  that  animals  held  at  24°  C  or  29°  C 
maintained  constantly  body  temperatures  equivalent  to  their  environ¬ 
ment.  For  a  period  of  time  following  the  handling  associated  with 
virus  inoculation  and  transfer  to  experimental  cages,  the  bats 
appear  excited  and  are  quite  active  in  moving  about  their  cages.  It 
is  likely  that  during  this  period  the  animals  have  body  temperatures 
well  above  ambient.  Within  a  day  or  so,  however,  they  become  quiet 
and  hang  in  groups  in  their  cages;  they  are  seldom  seen  moving 
about  except  in  the  evening  when  they  come  down  to  the  floor  of  the 
cage  to  receive  the  food  and  water  offered  daily.  There  is  doubt¬ 
lessly  considerable  variation  among  body  temperatures  of  individual 
bats  at  these  higher  temperatures,  depending  on  their  degree  of 
activity.  The  difficulties  inherent  in  recording  individual  bodytem- 
peratures  on  large  numbers  of  infected  bats  precludes  the  possi¬ 
bility  of  obtaining  such  data.  In  this  presentation  we  will  be  com¬ 
paring  the  course  of  viral  infectioninanimals  whose  body  tempera¬ 
tures  we  know  to  be  low  (ambient  temperature  5°  C  or  10°  C)  with 
the  course  of  the  infection  in  animals  whose  body  temperatures  we 
feel  must  have  fluctuated  between  ambient  (24°  C  or  29°  C)  and 
possibly  36°  C  or  higher  (Morrison,  1959). 

Early  in  these  studies  it  became  apparent  that  animals  collected 
during  the  fall  or  early  winter  months  survive  for  longer  periods  of 
time  in  the  cold  than  animals  obtained  in  the  spring  or  summer 
months.  Subsequently,  these  experiments  were  initiated  only  in  the 
fall,  even  though  they  could  only  be  repeated  or  extended  on  a  yearly 
basis.  Furthermore,  a  recent  report  by  Menaker  (1962)  indicates 
that  the  state  of  hypothermia  achieved  with  summer  bats  is  not 
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Identical  with  their  winter  hibernation,  and  serves  to  emphasize  the 
necessity  for  carrying  out  low  temperature  studies  in  bats  gathered 
during  the  fall  months. 

Table  II  summarizes  a  study  of  the  suppressive  effect  of  simu¬ 
lated  hibernation  on  the  susceptibility  of  little  brown  bats  to  two 
strains  of  rabies  virus.  Of  those  receiving  the  canine  rabies  virus 
(Thompson)  and  placed  in  the  cold  room, Infection  was  demonstrated 
in  only  7.5  per  cent  of  40  bats  studied  over  40  days.  The  infection 
rate  among  animals  kept  at  29°  C  was  36  per  cent,  and  virus  was 
demonstrated  between  the  ninth  and  thirtieth  day  following  virus  in¬ 
oculation.  It  is  interesting  that  virus  was  demonstrated  more  fre¬ 
quently  in  the  brown  adipose  tissue  (25.7  per  cent)  than  in  the  sali¬ 
vary  gland  (11.4  per  cent).  The  infection  rate  was  even  higher  among 
animals  held  in  the  cold  for  two  weeks  and  then  transferred  to  the 
warm  room.  Again  virus  was  demonstrated  more  frequently  in  the 
brown  fat  (30.4  per  cent)  than  in  the  salivary  gland  (17.1  per  cent). 
Quantitative  data  not  shown  in  this  tabulation  indicate  that  virus  ti¬ 
ters  in  the  few  animals  which  developed  evidence  of  infection  while 
in  simulated  hibernation  were  10"1*5  or  less, while  titers  in  various 
tissues  of  animals  in  the  warm  room  ranged  from  one  log  unit  to  as 
high  as  10_'**'\  In  the  experiment  with  the  rabies  virus  (59V13B)  re¬ 
covered  from  the  pooled  brown  adipose  tissue  of  naturally  infected 
little  brown  bats, virus  wasagaindemonstratedinfequentlyintissues 
of  animals  inoculated  and  placed  directly  in  the  cold  room,  but  re¬ 
mained  viable  and  was  activated  when  animals  were  transferred  to 
the  warm  room.Although  the  infection  rates  were  similar  with  both 
rabies  virus  strains,  a  careful  study  of  theresults  revealed  differ¬ 
ences  in  the  patterns  of  infection  producedby  these  viruses  in  active 
bats  and  in  those  awakened  following  a  period  in  simulated  hiberna- 
tion.The  bat  rabies  virus  occurred  more  frequently  in  the  brown  adi¬ 
pose  tissue  than  in  either  salivary  gland  or  brain.lt  can  be  seen  that 
virus  was  detectable  in  the  interscapular  brown  fat  in  92  per  cent 
of  animals  shown  to  develop  infection,  and  inthe  salivary  gland  and 
brain  in  only  28  per  cent  and  50  per  cent  respectively.  Rabies  in¬ 
fection  was  demonstrated  in  42  per  cent  of  the  animals  held  in  the 
cold  for  17  days  before  transfer  to  the  warm  room,  and  the  infection 
pattern  seemed  to  be  affected  by  the  period  in  simulated  hibernation. 

In  these  animals  virus  was  demonstrated  in  the  brown  fat,  salivary 
gland,  and  brain  of  infected  animals  with  about  equal  frequency. 
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to  rubies  virus  following  intramuscular  inoculation.  Data  adapted  from:  Sulkin,  S.  E.,  et  al..  1960.  Studies 
on  the  pathogenesis  of  rabies  in  insectivorous  bats.  II.  Influence  of  environmental  temperature.  J.  Exp. 
Med.  112:  595-617.  -Per  cent  positive  among  animals  shown  to  be  infected;  figures  in  parentheses  refer 
to  numbers  of  animals.  “Animals  held  at  5°  C  for  14  days  before  transfer  to  29°  C  •••Animals  held  at 
5°  C  for  17  days. 
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suggesting  that  after  a  period  of  latency  in  a  dormant  animal,  acti¬ 
vated  virus  may  reach  the  salivary  gland  more  rapidly  and  with 
greater  frequency.  In  addition,  quantitative  studies  have  indicated 
that  the  virus  concentration  in  this  tissue  is  greater  than  in  infected 
animals  which  have  not  experienced  a  period  of  hibernation.  These 
data  are  presented  graphically  in  Figures  1  and  2. 

The  results  of  these  experiments  suggest  that  seasonal  fluctu¬ 
ations- in  environmental  temperature  may  provide  not  only  a  mech¬ 
anism  for  virus  storage  in  this  reservoir  host,  but  may  also  increase 
the  chances  of  virus  transmission  by  thishost.lt  is  recognized  that 
thiB  concept  may  only  apply  for  strains  of  rabies  virus  which 
circulate  in  bat  populations. 


ARTHROPOD-BORNE  VIRUS  INFECTIONS  IN  BATS 


During  the  course  of  studies  on  experimental  rabies  infection  in 
Insectivorous  bats,  we  became  interested  in  determining  how  these 
animals  would  react  to  experimental  infection  with  other  viral 
agents.  A  survey  of  the  literature  (Sulkin,  1962)  indicated  that  bats 
have  been  associated  in  various  ways  with  a  number  of  disease- 
producing  agents,  suggesting  that  these  animals  might  act  as  reser¬ 
voir  hosts  for  many  viruses  in  nature.  An  area  of  particular  interest 
to  us,  from  an  epidemiological  standpoint,  concerns  the  mechanisms 
involved  in  the  overwintering  of  the  arthropod-borne  viruses.  Al¬ 
though  Investigators  have  long  sought  to  determine  the  whereabouts 
of  these  viruses  during  the  winter  months  intemperate  zones  where 
mosquito  vectors  do  not  carry  out  year-round  transmission  cycles, 
this  void  stillremains  in  our  understanding  of  the  complex  biological 
life  cycles  of  these  disease-producing  agents.  Reports  of  the  sus¬ 
ceptibility  of  bats  to  experimental  infection  with  various  arthropod- 
borne  viruses  (Ito  and  Saito,  1952;  Corristan,  LaMotte  and  Smith, 
19  56;  LaMotte,  1958)  suggested  this  animal  as  an  additional  reser¬ 
voir  host,  but  provided  only  limited  information  as  to  the  course  of 
the  infection  or  the  tissues  involved.  We  were  prompted,  therefore, 
to  pursue  studies  on  experimental  arbovirus  infection  inbats  to  de- 
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Figure  1.  Influence  of  environmental  temperature  on  frequency  of  demonstration  of  canine  rabies  virus 
(Thompson  strain)  in  brown  fat,  brain,  and  salivary  gland  of  bats  (Myotis  1.  lucifugus)  following  intra¬ 
muscular  inoculation.  Each  animal  received  8,000  mouse  intracerebral  LD^.  Fractions  refer  to  number 
infected /number  tested.  Percentages  are  based  on  number  of  animals  shown  to  be  infected. 
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determine  the  degree  of  susceptibility  of  various  species  to  certain 
virus  strains  and  to  locate  the  tissues  involved  in  the  infection  which 
provided  sites  for  viral  proliferation  and  resultant  viremia.  Again, 
emphasis  was  placed  on  determining  if  virus  invaded  and  multiplied 
in  interscapular  brown  adipose  tissue,  thereby  providing  a  mecha¬ 
nism  for  survival  of  arbovirus  particles  in  the  hibernating  animal 
in  a  manner  similar  to  that  described  for  rabies  virus. 

In  the  initial  experiments  (Sulldn,  Allen  andSlms,  1960),  we  were 
able  to  confirm  certain  aspects  of  the  observations  reported  by 
Corristan  et  al.  (1956)  and  LaMotte  (1958).  Viremia  was  demon¬ 
strated  in  bats  following  peripheral  inoculation  of  Japanese  B  or 
St.  Louis  encephalitis  viruses  and,  in  addition,  the  lipotropic  char¬ 
acteristic  of  these  viruses  was  demonstrated.  These  experiments 
have  now  been  extended  to  include  various  bat  species  and  several 
virus  strains.  Bats  were  inoculated  subcutaneously  and  placed  in 
specially  designed  cages  which  allowed  them  to  receive  fresh  food 
and  water  daily  with  nimlmum  danger  to  the  caretakers.  The  virus 
inoculum  consisted  of  approximately  150  weanling  mouse  i.c.  LD^ 
of  mouse  brain  suspension,  or  infected  tissue  culture  fluid,  or  bat 
blood.  To  simulate  natural  circumstances,  bats  were  kept  in  near 
darkness  throughout  the  day  and  were  offered  food  at  the  close  of 
each  working  day.  Unless  otherwise  indicated,  animals  were  main¬ 
tained  at  24°  C  *  2°  C  (relative  humidity  65  per  cent)  and  were  ob¬ 
served  several  times  daily  throughoutthe  course  of  the  experiments 
for  possible  signs  and  symptoms  of  encephalitis.  When  tissues  were 
obtained  for  virus  assay,  extreme  care  was  taken  to  rid  specimens 
of  as  much  blood  as  possible  so  that  resulting  virus  titers  would  re¬ 
flect  virus  multiplication  in  a  specific  tissue  and  not  virus  present 
in  blood  circulating  through  that  tissue.  These  experiments,  which 
will  be  published  in  detail  elsewhere  (Sulldn,  Allen  and  Sims,  un¬ 
published  data),  indicate  that  the  Mexican  free- tailed  bat  is  only 
slightly  susceptible  to  the  high  mouse  passage  Nakayama  strain  of 
Japanese  B  encephalitis  virus,  but  is  significantly  more  susceptible 
to  a  mosquito  isolate  (OCT- 541)  which  had  been  through  two  hamster 
kidney  tissue  culture  passages  and  one  passage  in  little  brown 
Myotifl.  In  the  latter  case,  the  infection  was  widely  disseminated  in 
animals  sacrificed  over  a  period  of  3  weeks,  with  virus  concentra¬ 
tions  reaching  3  logs  or  more  Inblood,  brown  fat,  and  kidney.  In  one 
instance  virus  was  demonstrated  in  the  brown  fat  and  not  in  the 
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blood  of  an  animal  sacrificed  21  days  after  virus  inoculation.  The 
passage  history  of  the  virus  strain  seems  to  determine  its  degree  of 
infectivity  for  the  Mexican  free- tailed  bat,  where  the  recently  iso¬ 
lated  strain  is  much  more  infective  than  the  laboratory- adapted 
strain.  Similar  results  were  obtained  with  two  strains  of  St.  Louis 
encephalitis  virus.  This  bat  species  is  quite  resistant  to  infection 
with  the  high  mouse  passage  Hubbard  strain,  but  is  quite  susceptible 
to  Infection  with  a  strain  recovered  from  a  flicker  bird  and  in  its 
seventh  mouse  brain  passage.  Virus  was  firstdemonstrated  in  blood 
one  to  two  days  after  virus  Inoculation,  increased  to  levels  of  4.0 
log  units  by  the  seventh  day,  and  was  still  detectable  in  animals 
sacrificed  about  one  month  post- inoculation.  In  addition,  virus  was 
demonstrated  with  much  greater  frequency  in  brown  fat  than  in 
brain  or  kidney.  In  a  few  instances  virus  was  demonstrated  in  tissue 
preparations  from  animals  that  were  not  viremic  at  the  time  of 
sacrifice. 

The  little  brown  bat  Is  highly  susceptible  to  the  OCT-541  strain  of 
Japanese  B  encephalitis  virus.  Virus  was  widely  distributed  in  the 
various  tissues  assayed  during  an  observation  period  of  about  one 
month;  virus  was  demonstrated  in  the  blood  and  in  brown  fat  with 
about  equal  frequency,  and  in  several  instances  virus  was  demon¬ 
strated  in  the  brown  adipose  tissue  and  not  in  blood  or  other  tissues 
tested.  This  bat  species  is  only  slightly  susceptibleto  infection  with 
the  flicker  bird  strain  of  St.  Louis  encephalitis  virus.  The  big  brown 
bat  (Epteslcus  f.  fuscus)  is  highly  susceptible  to  infection  with  the 
OCT- 541  strain  of  Japanese  B  encephalitis  virus.  All  animals  devel¬ 
oped  widespread  infection  during  the  first  12  days  following  virus 
inoculation,  titers  in  the  blood  and  brown  fat  reaching  more  than 
3.0  log  units  in  many  instances.  Subsequent  to  the  twelfth  day,  the 
infection  seemed  gradually  to  subside;  only  2  of  10  animals  tested 
had  a  detectable  viremia  by  the  twenty-fifth  day.  The  susceptibility 
of  this  bat  species  to  the  other  virus  strains  has  not  yet  been 
determined. 
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INFLUENCE  OF  TEMPERATURE  ON 
ANTIBODY  PRODUCTION  IN  BATS 


In  planning  studies  on  the  influence  of  hibernation  on  the  progress 
of  these  experimental  viral  Infections  inbats,  itseemed  desirable  to 
determine  the  pattern  of  antibody  production  In  these  animals  fol¬ 
lowing  peripheral  inoculation  of  various  arthropod-borne  viruses.As 
pointed  out  earlier,  the  unique  thermoregulatory  mechanism  of  bats 
sets  them  apart  from  other  animals  and  suggests  this  animal  as  an 
ideal  experimental  host  whose  temperature  and  metabolism  maybe 
altered  at  will,  permitting  the  influence  of  temperature  on  infection 
and  antibody  production  to  be  studied  over  extended  periods.  The  use 
of  bats  also  permits  the  achievement  of  hypothermia  without  the  use 
of  drugs  or  surgery  which  might  have  an  Independent  effect  on  the 
physiochemioal  balanoe  of  the  host. 

A  baoterial  antigen  was  selected  for  a  pilot  experiment  on  the 
effect  of  temperature  on  antibody  production  because  of  the  ease 
with  which  one  can  demonstrate  agglutinating  antibodies.The  typhoid- 
11  antigen- antibody  system  was  ohosen  as  representing  a  relatively 
simple  immunization  procedure  and  antibody  assay  technique  re¬ 
quiring  very  small  serum  samples,  and  the  big  brown  bat  was  used 
because  it  can  withstand  repeated  bleeding  by  cardiac  puncture. 
One  group  of  bats  was  maintained  at  room  temperature  (26°  C)  and 
another  in  simulated  hibernation  (10°  C).  Rectal  temperatures  were 
taken  periodically.  All  bats  reoeived  3  intraperitonealdosesof  0.25 
ml  each  of  an  8-hour  formalized  broth  culture  of  Salmonella  typhosa 
on  days  0,  15  and  24  of  the  experiment.  Several  animals  were  bled 
periodically  and  all  were  bled  on  the  35th  day  following  the  initial 
immunizing  dose.  The  antibody  level  of  each  serum  sample  was  de¬ 
termined  by  means  of  the  tube  agglutination  test.  The  results  indi¬ 
cate  that  the  ability  of  the  big  brown  bat  to  produce  antibody  in 
response  to  injections  of  a  bacterial  antigen  is  dependent  upon  its 
body  temperature,  which  parallels  that  ofthe  environment  (Fletcher 
et  al.,  1962).  After  35  days  and  3  doses  of  antigen,  over  70  per  cent 
of  the  animals  had  agglutinin  titers  ranging  from  1:8  to  1:672.  In 
striking  contrast,  the  bats  held  at  10°  C  failed  to  produce  any  de¬ 
tectable  antibody  during  this  period.  Some  animals  which  had  been 
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maintained  at  room  temperature  were  transferred  to  the  cold  room 
on  the  42nd  day,  and  blood  specimens  were  obtained  one  month  later. 
Persistence  of  antibody  was  observed  in5bats,but  in  each  instance 
agglutinin  titer  dropped.  Bats  kept  In  simulated  hibernation  for  42 
days  were  transferred  to  room  temperature  and  one  month  later  (or 
72  days  after  initiation  of  the  experiment)  blood  samples  were  ob¬ 
tained.  Although  no  additional  antigen  was  ad  ministered  upon  trans¬ 
fer  to  room  temperature,  6  of  10  animals  uniformly  negative  after  30 
days  in  the  cold  possessed  agglutinating  antibody  one  month  after 
transfer  to  the  warm  room.  Presumably,  antigen  persisted  during 
hibernation. 

Several  studies  havebeen  made  todetermine the  immune  response 
of  big  brown  bats  experimentally  infected  with  Japanese  B  encepha¬ 
litis  virus  and  held  at  room  temperature  or  in  simulated  hibernation 
for  extended  periods.  Results  indicate  an  extremely  close  associa¬ 
tion  between  the  cessation  of  viremia  and  the  appearance  of  detect¬ 
able  neutralizing  antibody.  Even  virus  may  bedetected  in  low  titer  in 
blood  samples  containing  neutralizing  antibody.  Also,  preliminary 
studies  indicate  that  bats  experimentally  infected  with  this  virus 
do  not  regularly  produce  antibodies  detectable  by  the  complement 
fixation  (CF)  and  hemagglutination- inhibition  (HI)  techniques  cur¬ 
rently  in  use.  Experiments  designed  to  study  the  antibody  response 
to  the  hibernating  bat  and  the  fate  of  any  neutralizing  antibody  pre¬ 
sent  in  the  animals  entering  hibernation  indicate  that  antibody  is 
produced  by  bats  kept  at  room  temperature,  while  none  is  detectable 
in  those  held  in  the  cold.  As  in  the  case  with  the  bacterial  antigen, 
there  is  evidence  that  transfer  to  room  temperature  stimulates  anti¬ 
body  syntheses.  In  general,  it  has  been  found  that  bats  which  had 
equivocal  titers  (1.0  tol.7  LNIJ^at  17  to  21  days  were  usually  strongly 
positive  about  2  months  post-inoculation.  Although  viremia  develops 
in  all  experimentally  infected  bats,  some  fail  to  develop  even  equi¬ 
vocal  titers.  As  was  the  case  in  experiments  with  the  bacterial  anti¬ 
gen,  none  of  the  bats  aroduced  neutralizing  antibody  in  response  to 
Japanese  B  encephalitis  virus  during  43  days  at  10°  C.  Similar  re¬ 
sults  were  Obtained  with  some  bats  which  were  inoculated  with  ra¬ 
bies  virus  and  bled  after  43  days  in  the  cold  (Sulkin  et  al„  1960), 


2  Log  neutralliatlon  Index  (LNT).  An  LNI  o(<  L0  was  considered  negative.  Id)  to  17  equi¬ 
vocal,  and  1,7  or  above  poslUve. 
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INFLUENCE  OF  HIBERNATION  ON  INFECTION  AND  ANTIBODY 
RESPONSE  OF  BIG  BROWN  BATS  INOCULATED  WITH 
JAPANESE  B  ENCEPHALITIS  VIRUS 


Having  established  the  susceptibility  of  the  big  brown  bat  (Epte- 
sicus  f.  fuscus)  to  experimental  infection  with  Japanese  B  encepha¬ 
litis  virus  and  determined  the  duration  of  the  viremic  phase,  the 
degree  of  involvement  of  brown  adipose  tissue,  brain,  and  kidney, 
and  learned  something  of  the  antibody  response  of  infected  animals 
held  at  room  temperature,  the  influence  of  low  temperature  on  this 
infectious  process  could  then  be  studied.  In  a  study  on  Japanese  B 
encephalitis  infection  in  bats  during  simulated  hibernation,  LaMotte 
(1958)  reported  that  viremia  is  suppressed  in  animals  placed  at 
10°  C  immediately  after  inoculation;  upon  transfer  to  room  tempera¬ 
ture  after  as  long  as  3  months  in  the  cold,  demonstrable  levels  of 
virus  appeared  in  the  blood  within  2  to  5  days. 

In  designing  our  studies,  we  have  attempted  to  reproduce  in  the 
laboratory  situations  as  they  might  occur  in  nature.  Whenever 
possible,  experiments  are  planned  so  that  the  periods  in  which  ani¬ 
mals  are  held  at  low  temperature  in  the  laboratory  correspond  to 
the  season  of  natural  hibernation  in  an  effort  to  simulate  hibernation 
rather  than  merely  attain  a  state  of  hypothermia  (Menaker,  1962). 
Groups  of  bats  are  placed  in  cold  rooms  at  varying  times  following 
virus  incoulation  to  represent  (1)  animals  entering  hibernation  im¬ 
mediately  after  becoming  infected  and  before  infection  develops  to 
a  demonstrable  level;  (2)  animals  entering  hibernation  at  the  peak 
of  the  infectious  cycle  when  virus  is  present  in  blood  and  other  tis¬ 
sues;  and  (3)  animals  entering  hibernation  while  in  the  immune  phase 
of  the  infection  when  virus  is  no  longer  regularly  demonstrable  in 
blood  or  other  tissues  and  significantlevels  of  neutralizing  antibody 
are  present.  Although  these  studies  are  still  in  progress,  we  have 
analyzed  sufficient  data  to  enable  us  to  construct  a  schematic  dia¬ 
gram  which  we  believe  to  be  representative  of  experimental  infection 
with  this  virus  in  big  brown  bats  under  the  various  environmental 
conditions  described  (Fig.  3). 

The  uppermost  section  in  Figure  3  depicts  infection  and  antibody 
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DAYS  afteq  INOCULATION 

Figure  J.  Schematic  representation  Indicating  suppressive  effect  of  simulated  hiber¬ 
nation  on  progress  of  Infection  and  Immunologic  response  of  bats  (Epleslcus  f.  fuscus) 
following  intramuscular  Inoculation  of  Japanese  B  encephalitis  virus  (150  weanling 
mouse  l.  c.  LDjq).  Shaded  areas  refer  to  periods  in  simulated  hibernation  (10°  C).  Solid 
bars  indicate  virus  demonstrated  by  Intracerebral  Inoculation  of  weanling  mice.  Clear 
bar  indicates  no  virus  recovered.  Log  neutralisation  index  (LNI)  indicated  by  curves. 

response  In  animals  held  at  room  temperature  from  time  of  inocu¬ 
lation.  Some  animals  become  viremic  as  early  as  24  to  48  hours 
after  receiving  150  LDjq  doses  of  virus,  whereas  virus  is  seldom 
isolated  from  brown  adipose  tissue  before  the  3rd  or  4th  day  post¬ 
inoculation.  We  indicate  demonstration  of  virus  in  blood  and  brown 
fat  over  a  period  of  approximately  25  days.  It  is  difficult  to  define 
precisely  the  duration  of  active  infection,  since  there  appears  to  be 
much  individual  variation.  We  do  know  that  virus  can  be  demon¬ 
strated  in  brown  fat  and/or  blood  of  virtually  all  animals  tested  7  to 
12  days  after  receiving  virus  and  that  subsequently,  the  number  of 
infected  animals  and  the  concentrations  of  virus  in  their  tissues 
gradually  diminish.  This  decrease  in  viral  proliferation  coincides 
with  the  time  when  neutralizing  antibodies  first  become  detectable, 
and  it  is  at  this  point  that  we  have  demonstrated  on  occasion  low 
concentrations  of  virus  in  the  blood  of  animals  with  positive  neutral¬ 
ization  indices.  A  significant  number  of  animals  have  positive  LNI 
30  to  50  days  post-inoculation,  although  some  infected  animals  never 
develop  antibody  detectable  by  the  methods  used.  Studies  on  the 
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persistence  of  antibody  and  the  occurrence  of  cyclic  episodes  of  in¬ 
fection  in  animals  held  at  room  temperature  are  incomplete  at  this 
time. 

In  the  remaining  sections  of  the  figure,  the  shaded  areas  indicate 
the  periods  following  injection  of  virus  when  bats  are  maintained  at 
low  temperature  (10°  C)  and  tire  influence  of  these  periods  of  simu¬ 
lated  hibernation  on  the  progress  of  infection  has  been  plotted.  When 
animals  are  placed  at  10°  C  immediately  after  inoculation,  viral 
multiplication  is  suppressed.  Occasionally,  one  can  demonstrate  a 
trace  of  virus  in  blood  or  brown  fat,  but  it  is  difficult  to  determine 
by  assay  of  specimens  in  mice  the  fate  of  the  virus  inoculum  during 
this  period  in  the  cold.  When  the  animals  are  transferred  to  room 
temperature,  virus  readies  demonstrable  levels  in  blood  and  brown 
fat  2  to  3  days  later.  It  appears  that  the  infection  which  occurs 
following  a  period  of  suppression  in  the  cold  is  of  shorter  duration 
than  in  room  temperature  groups,  and  antibody  reaches  significant 
levels  more  rapidly.  On  the  other  hand,  bats  placed  at  10°  C  one  week 
after  virus  inoculation,  while  at  the  peak  of  the  infection  cycle, 
seem  to  suffer  prolonged  infection.  Virus  can  be  isolated  regularly 
from  brown  fat  and  blood  for  at  least  30  days  after  the  animals  are 
placed  in  the  cold.  Although  subsequent  data  are  incomplete,  we 
have  included  an  instance  inwhich  virus  was  isolated  from  the  brown 
adipose  tissue  of  a  bat  more  than  2  months  after  the  animal  was 
placed  in  simulated  hibernation.  The  blood  of  this  animal  did  not 
contain  demonstrable  virus,  but  companion  animals  circulated  virus 
3  days  after  transfer  to  room  temperature.  None  of  the  infected 
bats  developed  antibody  while  in  the  cold,  but  plasma  samples  with 
positive  LNI  were  obtained  from  bats  in  this  group  approximately  2 
weeks  after  transfer  to  room  temperature.  In  still  another  series  of 
experiments  mapped  in  the  bottom  section  of  Figure  3  we  are 
attempting  to  determine  if  an  animal  entering  hibernation  in  an  im¬ 
mune  state  could,  upon  arousal,  circulate  virus  again  spontaneously. 
Data  along  these  lines  accumulate  slowly,  since  infected  bats  must 
be  held  at  room  temperature  30  to  50  days  for  antibody  develop¬ 
ment,  then  withstand  an  additional  month  or  more  at  10°  C  and  sur¬ 
vive  transfer  back  to  room  temperature  before  the  end  results  can 
be  obtained.  At  the  present  time  we  have  some  data  indicating  that 
at  least  some  bats  with  positive  LNI,  when  placed  in  the  cold,  lose 
their  antibody  during  a  period  of  a  month  or  more  in  hibernation 
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and  upon  transfer  to  room  temperature  3  months  after  the  initiation 
of  the  original  infection  may  experience  a  second  cycle  of  infection 
and  antibody  response. 


DISCUSSION  AND  SUMMARY 


Our  primary  interest  in  studying  the  influence  of  low  temperature 
on  experimental  viral  infections  in  bats  has  been  to  accumulate  in¬ 
formation  which  would  help  in  understanding  how  periods  of  winter 
hibernation  could  affect  natural  virus  infections  in  these  animals. 
As  might  be  expected,  the  depressed  metabolic  state  and  the  low 
body  temperature  of  bats  held  at  5°  Cor  10°  C  are  not  conducive  to 
active  viral  multiplication.  Of  far  greater  Interest  is  the  observation 
that  bats  in  simulated  hibernation  are  able  to  sustain  viral  infections 
diu'ing  this  period  of  inactivity.  Although  virus  does  not  appear  to 
replicate  at  a  readily  measurable  rate  during  this  period,  viability 
is  maintained.  Upon  transfer  to  a  warmer  environment  simulating 
spring  arousal,  virus  lying  dormant  in  brown  adipose  and/or  other 
tissues  begins  to  multiply  and  active  infection,  demonstrable  by  con¬ 
ventional  assay  methods,  ensues.  This  sustenance  of  viral  particles 
in  the  hibernating  bat  seems  more  remarkable  when  accomplished 
in  animals  placed  at  low  temperature  immediately  after  virus  inocu¬ 
lation.  In  our  studies  with  rabies  virus,  animals  were  inoculated 
intramuscularly  and  placed  immediately  at  5°  C  or  10°  C,  allowing  no 
time  for  virus  to  attach  to  or  penetrate  the  cells  of  the  animals  at 
room  temperature  or  the  higher  temperatures  believed  to  be  opti¬ 
mum  for  this  animal  virus;  yet  some  bats  transferred  to  a  warm 
environment  even  a  month  or  more  later  were  subsequently  shown 
to  develop  rabies  infection.  During  the  periods  inoculated  animals 
were  held  at  low  temperature,  only  an  occasional  animal  could  be 
proved  Infected  upon  sacrifice,  and  in  all  cases  rabies  virus  was 
demonstrated  in  low  titer,  indicating  that  virus  was  not  multiplying 
very  rapidly  in  these  bats.  Evidence  was  obtained,  however,  in  an 
experiment  with  a  bat  rabies  virus  strain  in  little  brown  Myotis, 
that  some  type  of  viral  activity  occurred  duringthe  period  the  inocu¬ 
lated  animals  were  held  at  5°  C  which  resulted  in  what  appears  to 
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be  a  modification  of  the  virus  strain.  Sadler  and  Enright  (1959)  have 
recorded  the  suppressive  effect  of  low  temperature  on  rabies  in¬ 
fection  in  bats  and  have  correlated  it  with  the  lowered  metabolic 
rate  of  the  animals.  These  investigators  found  no  evidence  of  rabies 
virus  multiplication  in  animals  placed  at  low  temperature  immedi¬ 
ately  after  virus  inoculation,  but  if  infection  were  allowed  to  develop 
for  6  days  at  22°  C  prior  to  transfer  of  animals  to  4°  C,  some  evi¬ 
dence  was  obtained  of  virus  multiplication  in  the  brains  of  animals 
which  died  after  30  to  90  days  in  the  cold. 

The  experimental  data  recorded  to  date  on  the  influence  of  low 
temperature  on  rabies  virus  infection  in  bats  suggest  that  winter 
hibernation  may  have  a  profound  effect  on  natural  rabies  infections 
in  these  animals.  There  is  no  doubt  that  the  period  of  winter  dor¬ 
mancy  could  exert  a  sparing  effect  perhaps  sufficient  to  maintain  a 
oonstant  state  of  latency  in  a  large  population.  In  addition,  there  is 
the  suggestion  that  rabies  virus  particles  which  overwinter  in  the 
tissues  of  the  bat  and  are  subject  to  either  complete  dormancy  or  a 
shift  to  a  much  decreased  rate  of  multiplication  may  be  altered  by 
this  period  at  below  optimum  temperature. 

Becuuse  the  big  brown  bat  is  highly  susceptible  to  Japanese  B  en¬ 
cephalitis  virus  and  suffers  an  infection  which  can  be  characterized 
as  to  incubation  time,  duration  of  the  initial  infectious  phase,  and 
antibody  response,  the  format  of  our  low  temperature  studies  with 
this  virus- host  system  is  more  inclusive  than  has  been  possible  in 
work  with  rabies  virus.  Assuming  that  in  a  given  population  animals 
would  vary  as  to  the  stage  of  their  natural  arbovirus  infection,  we 
are  studying  the  effects  of  simulated  hibernation  on  groups  of  ani¬ 
mals  which  are  pre-viremic,  viremicorpost-viremic, and  immune. 
The  results  of  these  studies  allowus  to  speculate  along  the  following 
lines:  (1)  buts  which  enter  hibernation  soon  after  receiving  an  in¬ 
fective  dose  of  Japanese  B  encephalitis  virus,  but  before  infection 
has  developed  to  demonstrable  levels,  would  be  capable  of  sustaining 
infection  through  months  of  winter  hibernation  and  upon  arousal  in 
the  spring  provide  infective  blood  for  feeding  vectors;  (2)  bats  which 
enter  hibernation  with  high  titers  of  Japanese  B  encephalitis  virus  in 
blood  and  tissues  apparently  suffer  a  prolonged  infection,  possibly 
due  to  the  suppression  of  antibody  production  in  the  cold;  (These 
animals  could  provide  infective  blood  for  at  leasta  month  for  mos- 
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quitoes  present  at  the  hibernating  site.  In  this  regard,  it  is  of  in¬ 
terest  that  LaMotte  (1958)  has  shown  that  mosquitoes  will  feed  on 
bats  at  10°  C. Thus  the  viremic,  hibernating  bat  could  provide  a  mid¬ 
winter  feeding  of  infected  blood  for  mosquitoes,  making  possible  a 
two-step  winter  transmission  chain  as  suggested  by  Bellamy,  Reeves 
and  Scrivani  (1958)  for  western  equine  encephalitis  virus  in  birds 
and  mosquitoes.  In  addition,  the  bat  which  enters  hibernation  in  a 
viremic  state,  although  his  blood  titer  gradually  decreases  during 
the  winter,  would  be  capable  of  circulatingvirus  again  upon  arousal 
in  the  spring)  and  (3)  bats  which  enter  hibernation  at  a  time  when 
they  possess  neutralizing  antibodies  against  Japanese  B  encephalitis 
virus  may  show  negative  neutralization  indices  by  the  termination 
of  their  winter  sleep  and  the  warmer  environmental  temperature, 
together  with  the  physiological  alterations  which  occur  at  time  of 
arousal  and  emergence,  could  serve  to  activate  latent  Japanese 
encephalitis  virus  infection  and  produce  viremic  hosts  without  the 
necessity  of  re- infection. 

We  feel  that  these  studies  demonstrating  experimentally  the  var¬ 
ious  conditions  under  which  the  hibernating  bat  can  serve  to  over¬ 
winter  an  arbovirus  add  strong  supportive  evidence  to  the  growing 
concept  oftheroleofhibernatinganimalsinthe  maintenance  of  these 
agents  in  nature  during  periods  when  vectors  are  not  active.  Another 
hibernating  mammal,  the  hedgehog,  has  been  shown  experimentally 
to  circulate  Russian  spring-summer  encephalitis  virus  during 
periods  in  the  cold  (van  Tongeren,  1958)  and  experimental  studies 
with  western  equine  encephalitis  virus  in  snakes  (Thomas  and  Ek- 
lund,  1960)  and  Japanese  B  encephalitis  in  frogs  (Chang,  1958)  sug¬ 
gest  that  these  poikilothermic  animals  may  be  capable  of  overwin¬ 
tering  these  viruses. 

In  addition  to  the  broad  epidemiological  aspects  of  the  studies 
presented  here,  the  compiled  data  also  provide  information  of  a 
more  fundamental  nature  relative  to  the  influence  of  temperature  on 
the  virus-cell-host  relationship  per  se.  There  is  no  doubt  that  the 
multiplication  rate  of  both  rabies  and  Japanese  B  encephalitis 
viruses  is  suppressed  in  the  bat  by  maintaining  the  animal  at  low 
temperature.  The  manner  in  which  infection  with  both  these  agents 
is  sustained  for  long  periods  of  time  in  the  dormant  animal,  however, 
suggests  that  some  type  of  viral  activity  occurs  in  this  host  at  low 
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temperature.  The  apparent  alteration  In  the  bat  rabies  virus  strain 
which  occurred  as  a  result  of  a  period  of  "incubation"  in  bat3  at 
5°  C  further  supports  this  concept.  There  is  also  indication  that  the 
Japanese  B  encephalitis  virus  may  be  altered  by  passage  through 
bats  at  10°  C.  The  virusdemonstrableinthe  blood  and  other  tissues 
of  these  animals  upon  transfer  to  24°  C  often  produces  a  disease  in 
mice  characterized  by  increased  incubation  time,  bizarre  paralytic 
symptoms  and  frequently,  recovery.  In  experiments  nowinprogress 
we  are  studying  strains  of  viruses  following  single  and  multiple 
passages  through  bats  held  at  low  temperature.  These  in  vivo  studies 
are  being  paralleled  with  in  vitro  experiments  using  monolayer  and 
explant  cultures  of  bat  brown  fat,  kidney  and  embryonic  tissue,  as 
well  as  preparations  of  tissues  from  warm-blooded  animals  in  an 
effort  to  produce  virus  strains  altered  by  passage  at  low  tempera¬ 
ture  in  different  host  systems.  A  study  of  virus  strains  altered  by 
the  pressures  of  low  temperature  exerted  inthe intact  bat,  cultures 
of  bat  tissues,  and  cultures  of  tissues  from  warm-blooded  animals 
should  provide  devinitlve  information  concerningthe  mechanisms  of 
temperature- induced  variations  in  animal  viruses. 
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DISCUSSION 


CAMPBELL:  Did  you  do  electrophoretic  patterns  of  the  hiber¬ 
nating  bats? 

SULKIN':  We  are  doing  them  now,  Dr.  Campbell,  and  we  are 
finding  things  that  1  haven't  yet  had  time  to  sit  down  and  figure 
out,  but  we  are  seeing  some  very  strange  things  in  these  elec¬ 
trophoretic  patterns.  I  really  don't  know  what  to  make  of  it. 

ANDREWES:  I  understand  that  viremia  is  absent  in  hiber¬ 
nating  snakes  and  then  comes  back  again,  as  in  your  bats.  When 
they  come  out  of  hibernation,  is  there  any  evidence  in  your  bats 
as  to  whether  this  is  a  function  of  temperature  of  not;  or  hasn't 
that  been  done  ? 

SULKIN:  I  don't  think  we  have  enough  data.  Perhaps  Dr.  Marcus 
knows.  I  don't  think  so. 

SCHMIDT:  Many  times  you  used  the  term  "simulated  hiber¬ 
nation".  Would  you  care  to  define  it? 

SULKIN:  I  suppose  I  could  delete  the  word  "simulated",  but 
I  think  that  when  you  take  a  bat  away  from  his  natural  environ¬ 
ment  and  then  try  to  simulate  these  circumstances  in  the  lab¬ 
oratory,  there  is  a  difference.  I  think  that  when  we  net  the  bats 
in  the  fall  at  the  time  when  they  ordinarily  would  be  going  into 
hibernation,  we  are  dealing  with  true  hibernation.  This  is  not 
the  case  when  such  experiments  are  carried  out  with  bats  netted 
in  the  summer.  Such  animals,  when  placed  at  low  temperatures, 
are  hypothermic.* 

WALKER:  You  don't  see  any  difference  in  your  experiments, 
though,  in  Uiese  two  seasons? 


1  Monakcr,  J.  1962.  Cell  nnd  Comp.  Physiol.  59;  163-173. 
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SULKIN:  Well,  there  are  many  differences  in  the  same  bat 
species,  Eptesicus  fuscus.  You  can  do  an  experiment  of  this 
sort.  You  can  collect  bats  In  the  fall  of  the  year  and  use  thermo¬ 
couples  and  record  body  temperature  of  these  bats.  Now,  if  you 
take  a  bat  just  prior  to  the  time  he  is  goint  into  hibernation, 
and  then  place  him  at  about  8°  C  to  10°  C  in  the  laboratory, 
then  record  temperatures  over  a  period  of  time,  rectal  tempera¬ 
ture  will  march  along  at  a  very  steady  state.  If  you  stimulate 
tliis  bat  with  a  pair  of  forceps,  the  temperature  goes  up,  and 
goes  up  very  promptly.  If  you  take  the  same  species, Eptesicus 
fuscus,  the  big  brown  bat,  and  you  do  the  same  experiment, 
but  do  it  in  July  instead  using  the  same  probe  and  the  same 
amount  of  insertion  into  the  rectum  and  so  on,  everything  iden¬ 
tically  the  same,  then  you  can  stimulate  this  bat  and  nothing 
happens.  We  have  done  this  with  many  bats.  So  this  is  one  sig¬ 
nificant  difference  between  the  true  hibernating  bat  and  the  simu¬ 
lated  hibernating  bat. 

TRAPANI:  Don't  they  wake  up  during  the  winter  time  for 
feeding? 

SULKIN:  No,  they  stay  in  the  cage. 

TRAPANI:  In  their  natural  habitat? 

SULKIN:  In  their  natural  habitat  they  don't  feed;  they  store 
food  in  their  brown  fat,  presumably,  and  this  is  enough  to  keep 
them  going.  One  can  do  this  with  hamsters,  too,  but  it's  a  trick. 

BERRY:  In  Texas,  doesn't  the  temperature  get  high  enough 
to  bring  them  out  of  the  hibernating  state? 

SULKIN:  Most  of  the  bats  in  Texas  are  not  true  hibernating 
species,  but  migratory  species.  During  mid-winter  they  migrate 
south  to  an  area  where  the  temperature  is  optimum. 

BERRY:  But  bats  are  in  the  caves  in  Texas  in  the  winter 
time. 

SULKIN:  Yes,  many  Mexican  free-tailed  bats  can  be  found  in 
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certain  of  the  caves  during  the  winter  time. 

BERRY:  But  they  can't  be  hibernating  all  the  time,  can  they? 

SULK1N:  Most  of  the  bats  in  Texas,  and  there  are  millions 
and  millions  of  Mexican  free-talls  there,  are  not  of  a  true  hi¬ 
bernating  species.  They  go  out  for  night  time  feeding.  Con¬ 
sistent  with  that  is  the  fact  that  they  have  very  little  brown  fat 
in  the  interscapular  region,  so  it's  very  difficult  to  do  experi¬ 
ments  with  tills  particular  species. 

BERRY:  Just  out  of  curiosity,  how  do  you  feed  them? 

SULKIN:  The  big  brown  bats  (Eptesicus  f.  fuscus)  are  hand- 
fed  meal  worms  the  first  week  we  get  them  into  the  laboratory. 
Most  of  them  learn  to  feed  in  about  2  to  3  days.  Then  we  put 
them  on  a  concoction  that  we  have  prepared  which  consists 
of  cottage  cheese,  banana,  and  meal  worms,  to  which  is  added 
liver  extract  with  iron  and  multivitamins. 

BERRY:  They  won't  breed? 

SULKIN:  No.  They  don't  breed  under  laboratory  conditions, 
but  many  of  the  gravid  bats  have  delivered  their  young  in  the 
laboratory. 

SCHMIDT:  Concerning  true  hibernation  or  simulated  hiber¬ 
nation  in  the  same  species,  I  believe  you  indicated  that  if  you 
induce  this  simulated  hibernation  during  the  summer  months, 
this  animal  is  then  under  stress  and  not  truly  hibernating.  I 
am  wondering  if  he  is  burning  excessive  amounts  of  body  tis¬ 
sue  of  some  sort  to  accommodate  himself.  Have  you  made  any 
measurements  of  weight  loss  comparing  these  two  periods  of 
time? 

SULKIN:  No,  we  haven't  done  any  good  experiments  along  this 
line.  We  are  so  convinced  that  this  is  a  different  host  when 
Induced  to  hibernate  during  the  summertime  that  we  do  these 
experiments  on  a  yearly  basis  in  the  late  fall. 
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CAMPBELL:  Have  you  ever  injected  the  brown  fat? 

SULKIN:  Yes,  into  a  non-hibernating  animal.  The  experiments 
don't  work  too  well.  Two  sets  of  experiments  have  been  re¬ 
ported  previously,  and  conflicting  results  were  obtained. ^>3 

BLAIR:  Bigelow  has  done  this  in  Toronto. 

SUL. KIN:  These  are  extracts,  and  they  are  not  very  pure. 

BLAIR:  He  transplanted  the  brown  fat  and  the  results  were 
entirely  negative. 

SUL  KIN:  Nobody  has  as  yet  been  able  to  define  the  active 
component  in  brown  fat  tissue  that  is  likely  to  be  related  to 
hibernation.  And  1  think  tliat  there  is  a  growing  interest  in  this 
tissue  as  tlie  true  mechanism  of  hibernation. 

TRAPANI:  One  tiling  we  tried  which  seemed  to  indicate  some 
activity  of  brown  fat  was  this:  We  made  a  saline  extract  out  of 
brown  fat  obtained  from  the  Guinea  pigs  exposed  to  2°  C  for 
about  10  weeks.  Ordinarily,  you  put  Guinea  pigs  into -15°  C 
and  they  don't  do  very  well;  they  die  quickly.  However,  when 
saline  extract  of  brown  fat  was  injected  into  animals  kept  at 
-15°  C,  they  survived  another  day  or  so.  Wc  never  tided  it  again 
because  of  the  lack  of  time. 

SULKIN:  1  think  that  if  you  tided  it  again,  it  might  not  work. 
When  saline  extracts  of  brown  fat  were  used  by  previous  in¬ 
vestigators,  they  yielded  i  neons  is  Unit  results. 

ANDRKWES:  We  have  been  hearing  quite  a  lot  in  the  last  two 
days  on  the  subject  of  cold  and  oilier  stressing  factors.  There 
is  one  form  of  stress  that  has  never  been  mentioned.  There 
were  some  experiments  done  a  good  many  years  ago  on  pneu¬ 
mococcal  infections  in  partly-immunized  mice  when  it  was  shown 

2  /arm.  1956.  Z»chr.  (  Nuturforsch.  II:  530-  535. 

3  Kro»s.  1933.  Zschr.  f.  <1.  (?e».  Neurol,  l'sych.  U6:  208-218. 
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that  these  infections  could  be  activated  by  the  stress  of  alco¬ 
hol.  This  is  a  subject  which  needs  further  investigation. 
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ABSTKACT 

Studies  were  designed  to  determine  the  effect  of  reduced  temperatures  on  the  normal 
bacterial  and  viral  flora  of  the  experimental  animals  and  on  the  fate  of  other  micro¬ 
organisms  artificially  introduced.  Determinations  were  made  of  the  number  of  conform 
bacilli,  focal  stroptococci,  and  psychrophilic  organisms  present  in  the  fecal  material 
before  and  immediately  after  hibernation.  In  addition,  the  total  viable  aerobic  cell 
count  was  determined.  All  counts  were  based  on  the  number  of  organisms  per  gram 
(dry  weight)  of  fecal  muterul.  The  data  indicate  u  grndual  3  log  increase  in  the  number 
of  psychrophllos  and  n  simultaneous  decrease  of  similar  magnitude  in  the  number  of 
conform  bacilli  during  periods  of  hibernation.  No  change  which  could  be  associated  with 
hibernation  was  noted  in  cither  the  total  cell  count  or  the  number  of  fecal  streptococci. 
The  animals  were  shown  to  bo  free  of  viruses  capable  of  inducing  a  cytopathogenlc 
offect  in  monolayers  of  either  HcLn,  human  amnion,  or  monkey  kidney  cells.  Fecal 
sumplos  from  euch  of  32  animals  were  repeatedly  tested  over  a  period  of  four  months. 
Bacterial  viruses  (Escherichia  coll  phage)  have  been  demonstrated  In  only  one  of  the 
40  ground  squirrols  examined.  Several  strains  of  E. coll  Isolated  from  the  animals  were 
used  as  tho  host  cell  in  the  test  systems.  The  effect  of  hibernation  on  the  presence  of 
artificially  introduced  ECHO-6  and  Coxsnckie  B-3  viruses  and  E.  coli  phage  in  the  In¬ 
testinal  tract  of  ground  squirrels  is  being  evaluated. 


Hibernating  mammals  provide  an  excellent  means  for  studying 
the  effect  of  cold  on  the  biology  of  axperimental  infection  from  the 
standpoint  of  both  the  host  and  the  parasite.  These  animals  represent 
a  unique  situation  in  which  a  normal  system  is  available  in  the  same 
species,  at  widely  separated  temperatures.  For  instance,  in  the  ac¬ 
tive  state  a  ground  squirrel  has  a  normal  body  temperature  of  ap¬ 
proximately  37°  C,  whereas  in  hibernation  its  normal  temperature 
may  approach  0°  C. 

The  studies  reported  here  deal  with  tho  effect  of  hibernation  on 
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certain  components  of  the  normal  bacterial  and  viral  flora  and  on  the 
retention  of  specific  viral  agents  in  the  Intestinal  tract  of  ground 
squirrels. 

Since  hibernation  is  such  an  important  feature  of  these  investi¬ 
gations,  a  few  words  about  some  of  its  salient  characteristics  are  in 
order.  First  of  all,  it  is  important  to  recognize  that  hibernation  is  a 
natural  phenomenon  for  certain  animals  and  that  it  is  quite  different 
from  experimental  hypothermia.  Hibernation  is  a  physiologically 
controlled  and  regulated  process,  while  experimental  hypothermia  is 
a  result  of  weakened  or  overcome  normal  mechanisms  of  tempera¬ 
ture  regulation.  Chilling  occurs  in  enforced  hypothermia  in  spite  of 
a  concerted  effort  on  the  part  of  the  animal  to  maintain  its  normal 
temperature.  On  the  contrary,  hibernation  is  a  passive,  yet  deliber¬ 
ate  process  in  which  declines  in  metabolic  rate,  respiratory  rate, 
and  heart  rate  precede  the  drop  in  body  temperature. 

Within  a  limited  range,  the  body  temperature  of  the  hibernating 
ground  squirrel  parallels  that  of  the  environment,  usually  remaining 
0.5°  C  to  3°  C  above  the  ambient  temperature  (Johnson,  1931).  Mayer 
(1960)  reported  an  average  rectal  temperature  of  4.2°  C  for  ground 
squirrels  hibernating  in  an  environmental  temperature  of  1.6°  C. 
The  heart  rate  and  respiratory  rate  are  slowed  to  about  3  per  min, 
and  the  metabolic  rate  is  between  1/30  andl/100  of  that  found  in  the 
active  "resting"  animal.  Vascular  changes  include  a  decrease  in 
blood  pressure  ns  the  animal  enters  hibernation  followed  by  vaso¬ 
constriction  once  the  torpid  state  has  been  achieved  (Lyman  and 
O'Brien,  I960).  There  appears  to  be  a  pronounced  leucopenia  during 
hibernation  (Svihla,  1953)  which  has  notbeen explained.  Although  the 
rate  is  very  slow,  Brock  (1960)  reports  that  there  is  actually  some 
manufacture  of  red  blood  cells  during  deep  hibernation. 

There  are  indications  that  some  of  the  endocrines  play  a  role  in 
hibernation,  although  the  specific  data  are  conflicting.  Mostworkers 
agree  that  an  involution  of  the  endocrines  takes  place  before  the 
animal  enters  hibernation.  Indeed,  Kayser  (1955)  insists  thathiber- 
nation  will  not  take  place  without  this  involution. 

Although  hibernation  is  part  of  a  yearly  cycle  of  events  for  ground 
squirrels,  it  is  not  clearly  understood  what  specific  factors  are  im- 
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portant  In  determining  when  they  will  enter  or  emerge  from  the 
hibernating  state.  It  would  appear  that  the  animal  receives  few,  if 
any,  clues  from  its  environment,  such  as  photoperiodicity  or  tem¬ 
perature  (Pengelley  and  Fischer,  1957). 

Ground  squirrels  and  other  mammalian  hibernators  undergo 
natural  awakenings  from  time  to  time  during  the  hibernating  period 
{Lyman  and  Chatfield,  1955).  Kayser  (1960)  reported  that  the  average 
period  of  continuous  hibernation  in  ground  squirrels  is  about  21  days. 
In  our  work  we  have  been  somewhat  less  successful.  The  cause  of 
the  periodic  arousals  inundlsturbed  animals  has  yetto  be  explained. 

For  a  more  complete  survey  of  the  physiology  of  mammalian  hi¬ 
bernation,  the  reader  is  referred  to  the  recent  publication  edited  by 
Lyman  and  Da  we  (1960). 


MATERIALS  AND  METHODS 


Arctic  ground  squirrels  (Spermophilus  undulatus) ,  adult  animals 
of  both  sexes,  were  captured  in  the  Paxson  Lake  area  of  central 
Alaska  during  the  month  of  August.  They  were  housed  individually  in 
metal  cages  equipped  with  removable  wire  mesh  floors  and  catch 
pans.  Their  diet  consisted  of  apples,  carrots,  and  Labena  pellets 
(Ralston  Purina  Co.,  St.  Louis,  Mo.).  They  were  observed  in  the 
colony  for  2  months  before  the  studies  were  initiated.  Hibernation 
was  induced  by  placing  the  animals  in  a  cold  room  at  an  ambient 
temperature  of  3°  C  *  1°  C  for  the  bacterial  work  and  5°  C  ±  1°  C 
for  the  viral  studies.  These  temperatures  were  maintained  through¬ 
out  each  of  the  respective  investigations.  Theanimnls  were  observed 
daily  but  not  disturbed  unnecessarily,  because  various  stimuli  may 
trigger  an  arousal  from  the  hibernating  state. 

The  primary  explants  of  monkey  kidney  cells  were  obtained  from 
Shamrock  Farms  (Middletown,  New  York)  and  maintained  on  Eagles 
basal  medium  with  Hank's  balanced  salt  solution  (BSS).  HeLa  mono- 
layers  were  prepared  from  the  S-3  clone,  kindly  supplied  by 
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Dr.  John  L.  Riggs  of  the  University  of  Michigan,  using  90  per  cent 
Eagles  BM  and  10  per  cent  calf  serum  as  the  growth  medium.  For 
maintenance,  the  calf  serum  was  reduced  to  5  per  cent.  The  same 
growth  and  maintenance  media  were  used  for  the  cultures  of  the 
RA  strain  of  human  amnion  cells. 

The  specific  viral  agents  used  were  the  D'Amori  strain  of  ECHO- 
6  virus  and  the  Nancy  mgKg  strain  of  Coxsackie  B-3. 


Bacterial  Studies 


Investigations  were  made  of  the  normal  intestinal  flora  of  15  adult 
ground  squirrels  both  in  the  active  state  and  following  periods  of 
deep  hibernation.  Fresh  fecal  droppings  were  collected  on  filter  pa¬ 
per,  and  those  contaminated  with  voided  urine  were  excluded.  Speci¬ 
mens  were  kept  at  4°  C  until  processing,  which  took  place  within  2 
hours  after  defecation.  The  droppings  from  an  individual  animal 
were  weighed  and  combined  with  an  equal  weight  of  sterile  distilled 
water.  From  this  a  uniform  suspension  was  made  with  the  aid  of  a 
sterile  glass  rod.  Part  of  the  material  was  used  for  the  determina¬ 
tion  of  the  per  cent  moisture  and  another  portion  for  the  preparation 
of  cultures.  Triplicate  cultures  were  inoculated  from  serial  10-fold 
dilutions  (10"°  to  10”  )  of  the  specimens,  and  the  results  obtained 
were  calculated  ns  the  number  of  organisms  per  gram  dry  weight  of 
fecal  material.  Quantitative  determinations  were  made  of  the  con¬ 
form  bacilli,  fecal  streptococci,  and  psychrophilic  organisms,  in 
addition  to  a  total  vinble  aerobic  cell  count.  The  conform  bacilli 
were  cultured  on  (Difco)  eosin  methylene  blue  agar  at  37°  C.  The 
plates  were  seeded  with  0.1  ml  of  the  appropriate  dilution  which  was 
then  spread  evenly  over  the  surface  of  the  agar  with  a  bent  glass 
rod.  The  inoculum  was  dispensed  with  a  sterile 0.1  ml  pipette.  Using 
this  technique,  well-isolated  colonies  were  consistently  obtained. 
All  gram  negative  rods  yielding  lactose-positive  colonies  within  48 
hours  were  arbitrarily  considered  to  be  conform  bacilli. 

For  the  enumeration  of  the  psych  rophiles,  (Difco)  tryptone  glucose 
extract  (TGE)  agar  was  employed.  Pour  plates  were  prepared  using 
an  inoculum  of  1  ml  and  the  incubation  was  carried  out  at  2°  C  to 
3°  C  for  14  days.  Organisms  producing  a  visible  colony  within  14 
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days  were  termed  psychrophiles.  In  addition,  pour  plates  were  made 
in  TGE  agar  as  above,  except  that  these  cultures  were  incubated  at 
37°  C  for  48  hours.  The  results  from  these  latter  cultures  were  re¬ 
ferred  to  as  the  total  count  at  37°  C.  The  number  of  fecal  strepto¬ 
cocci  was  determined  using  (Difco)  azide  dextrose  agar  with  an  in¬ 
oculum  of  1  ml  and  37°  C  incubation  temperature.  All  plate  counts 
were  made  uBing  a  Quebec  colony  counter  and  only  those  plates 
having  between  30  and  300  colonies  were  included. 


Bacterial  Virus  Study 


In  order  to  gain  some  information  concerning  the  normal  occur¬ 
rence  of  bacterial  viruses  in  the  animals, 44  adult  ground  squirrels 
were  examined  repeatedly  (154  individual  samples)  for  the  presence 
of  bacteriophage  in  their  intestinal  contents.  The  bacterial  host  cells 
used  were  strains  of  Escherichia  coli  previously  isolated  from  the 
animals  in  the  group. 

The  method  used  for  the  detection  of  phage  was  as  follows.  Fresh 
fecal  material  was  collected  in  a  sterile  tarred  50  ml  centrifuge 
tube  and  the  weight  of  the  sample  determined.  A  one  to  10  dilution 
(weight  in  volume)  was  prepared  in  sterile  nutrientbroth  and  a  uni¬ 
form  suspension  made  with  the  aid  of  a  sterile  glass  rod.  Following 
centrifugation  at  17,000  X  g  for  30  min  at  5°  C  the  clear  supernatant 
fluid  wns  withdrawn  and  tested  for  the  presence  of  virus  by  two 
methods.  In  the  first,  1  ml  of  the  fluid  and  1  ml  of  a  3  hr  broth  cul¬ 
ture  of  the  strain  of  E.  coli  being  tested  was  added  to  5  ml  of  tryp- 
ticase  soy  broth.  This  suspension  was  incubated  overnight  at  37°  C 
and  the  supernatant  fluid  therefrom  was  assayed  for  the  presence  of 
virus  according  to  the  following  procedure.  Serial  10-fold  dilutions 
(10-1  to  10’®)  of  the  fluid  were  prepared  in  sterile  nutrientbroth  and 
O.i  ml  added  to  a  tube  containing  2  ml  of  melted  (43°  C)  trypticase 
soy  agar  (0.7  per  cent)  and  0.1  ml  of  an  18  hour  broth  culture  of  the 
test  strain  of  E.  coli.  This  was  carefully  mixed  and  poured  over  the 
surface  of  a  lnyer  of  nutrient  agar  in  a  petri  plate.  These  cultures 
were  incubated  at  37°  C  and  examined  for  the  presence  of  virus  as 
indicated  by  the  formation  of  plaques.  In  the  second  method  the  pre¬ 
liminary  overnight  incubation  wns  eliminated,  and  the  original  super¬ 
natant  fluid  was  tested  for  bacterial  virus  by  the  plaque  method. 
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These  rather  serious  attempts  to  isolate phagedisclosed  that  only 
one  ground  squirrel  out  of  the  44  tested  was  excreting  a  bacterial 
virus  reactive  against  any  of  the  host  strains  used.  This  virus  (E. 
coli  phage  42)  would  effectively  lyse  our  strain  14  of  E.  coli.  There¬ 
fore,  we  had  available  a  working  system  which  had  been  isolated 
from  the  colony,  and  43  animals  which  were  naturally  free  of  the 
agents  involved.  Accordingly,  a  study  was  made  of  the  effect  of  hi¬ 
bernation  on  the  retention  of  this  bacterial  virus  following  artificial 
administration  in  the  intestinal  tract  of  the  experimental  animals. 

Ten  squirrels  were  used  in  this  investigation.  Of  these,  5  were  in 
deep  hibernation  and  5  wereactivebuthadbeen  in  the  cold  room  for 
the  same  length  of  time  as  those  in  the  hibernating  state.  The  tem¬ 
perature  in  the  hibernaculum  was  5°  C,  as  mentioned  earlier.  Each 
animal  was  given  a  dose  of  1  ml  containing  29  x  109  plaque  forming 
units  of  virus.  The  virus  suspension  was  cooled  to  5°  C  and  intro¬ 
duced  into  the  stomach  by  means  of  a  2  ml  syringe  fitted  with  a  2  in. 
length  of  polyethylene  tubing.  The  tubing  was  easily  directed  down 
the  throat  of  the  animals  while  they  were  hibernating.  Ether  anes¬ 
thesia  was  used  in  the  case  of  the  active  nnimals. 

Following  administration  of  the  virus,  quantitative  determinations 
were  made  for  excreted  virus  bycollectingfreshfecal  material  and 
examining  it  by  thedirect  plaque  method  described  above.  After  each 
specimen  was  obtained,  the  animal  was  transferred  to  a  clean  cage, 
in  an  effort  to  preclude  contamination  of  subsequent  specimens. 


Enteric  Virus  Study 

Following  these  investigations,  attempts  were  made  to  determine 
the  natural  occurrence  of  enteric  viruses  in  the  animals.  Thirty- 
two  squirrels  were  examined  repentedly  over  a  period  of  4  months 
for  the  presence  of  enteric  viruses  in  their  intestinal  contents.  It 
was  surprising  (justified  or  not)  to  find  that  all  were  free  of  viral 
agents  capable  of  inducing  a  cytopathogenic  effect  in  monolayers  of 
either  HeLa,  human  amnion,  or  monkey  kidney  cells.  Therefore,  we 
initiated  studies  to  determine  the  effect  of  hibernation  on  the  reten¬ 
tion  of  specific  enteric  viruses  in  the  intestinal  tract  of  these  ani¬ 
mals  following  artificial  administration.  Preliminary  tests  had  indi- 
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cated  that  monkey  kidney  cells  were  susceptible  to  ECHO-6  virus 
and  that  Coxsackie  B-3  virus  could  be  isolated  and  propagated  in 
monolayers  of  HeLa  cells.  In  addition,  both  viruses  could  be  suc¬ 
cessfully  recovered  from  the  fecal  material  of  animals  which  had 
been  fed  a  suspension  of  the  specific  agents. 

0 

Accordingly,  9  squirrels  were  given  a  suspension  of  1  x  10  ECHO- 

7 

6  virus  particles  and  8  others  were  fed  1  x  10  particles  of  Cox¬ 
sackie  B-3  virus,  using  the  method  of  administration  described 
above.  Approximately  half  of  the  animals  in  each  group  were  hiber¬ 
nating  and  half  were  in  the  active  state;  all  had  been  in  the  cold 
room  for  the  same  period  of  time.  Thereafter,  fresh  fecal  samples 
were  collected  at  appropriate  intervals  and  tested  for  the  presence 
of  virus  using  monolayers  of  monkey  kidney  and  HeLa  cells.  Serial 
10-fold  dilutions  (10- 1  to  10"®)  of  the  fecal  material  were  prepared 
in  Earles  BSS  and  a  duplicate  series  of  tubes  was  inoculated  with 
0.1  ml  of  the  proper  dilutions.  Incubation  was  carried  out  at  37°  C, 
and  the  cultures  were  examined  daily  for  evidence  of  a  cytopatho- 
genic  effect. 


RESULTS  AND  DISCUSSION 


The  data  indicated  a  significant  increase  in  the  number  of  psych- 
rophiles  and  a  simultaneous  decrease  in  the  number  of  coliform 
bacilli  following  periods  of  hibernation.  On  the  other  hand,  very 
little  fluctuation  was  observed  in  either  the  total  counts  at  37°  C 
or  the  numbers  of  fecal  streptococci,  and  these  did  not  appear  to 
be  influenced  in  any  way  by  hibernation.  The  values  shown  repre¬ 
sent  the  averages  obtained  with  the  15  ground  squirrels  studies.  Al¬ 
though  there  was  some  variation  in  the  hibernating  habits,  activity, 
food  consumption,  and  normal  intestinal  flora  of  the  individual  ani¬ 
mals,  each  of  the  squirrels  tested  demonstrated  these  character¬ 
istic  trends. 

A  representative  number  of  the  coliform  bacilli  and  psychro- 
philes  were  isolated  and  their  temperature-growth  relations  deter- 
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TOTAL  COUNT  37 *C 


4-8  9-13  14-18  I 


DAYS  AFTER  ONSET  OF  HIBERNATION 
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mined.  None  of  the  coliform  bacilli  tested  grew  at  temperatures 
below  5°  C.  This  would  imply  that  little  or  no  multiplication  of  these 
organisms  occurred  in  the  intestinal  tract  of  the  animals  while  they 
were  in  the  hibernating  state  and  it  would  be  consistent  with  the 
decrease  in  the  counts  ns  shown  in  Figure  1.  The  psychrophiles,  on 
the  oilier  had,  grew  well  when  incubated  at  temperatures  down  to 
0°  C.  Although  Ingraham  and  Stokes  (1959)  report  that  some  psychro- 
philic  bacteria  have  a  maximum  growth  temperature  above  37°  C, 
none  of  the  psychrophiles  isolated  in  our  study  gave  evidence  of 
growth  at  temperatures  above  35°  C.  During  this  study  the  average 
duration  of  continuous  hibernation  was  6  days  with  extremes  of  2  and 
19  days.  Between  periods  of  hibernation  the  animals  were  active  for 
an  average  of  1.3  days,  indicating  that  they  were  in  hibernation  ap¬ 
proximately  82  per  cent  of  the  time.  This  figure  must  be  considered 
conservative,  because  it  takes  an  active  animal  from  8  hours  to 
several  days  to  become  completely  dormant,  and  the  waking  process 
requires  about  3  hours  (Lyman  and  Chatfield,  1955). 
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The  results  of  the  bacterial  virus  study  are  presented  in  Fig¬ 
ure  2.  In  can  be  seen  that  the  virus  was  rapidly  eliminated  from 
the  intestinal  tract  of  the  active  animals,  but  was  retained  for 
a  considerable  period  of  time  by  the  animals  which  hibernated. 
It  should  be  noted  that  each  of  the  hibernating  individuals  was  in 
an  aroused,  or  active  state  for  periods  of  time  more  than  that 
required  for  complete  elimination  of  the  virus  in  the  non-hiber¬ 
nating  squirrels,,  This  might  be  explained  by  the  fact  that  when 
the  animals  come  out  of  hibernation  for  these  short  periods, 
they  usually  do  not  eat,  even  though  food  may  be  available.  This 
would,  of  course,  result  in  a  less  rapid  turn-over  of  the  intestinal 
contents  and  thus  permit  a  retention  of  the  virus.  In  any  case, 
it  is  not  suggested  that  the  extended  period  of  virus  retention 
observed  in  the  hibernating  animals  was  the  result  of  any  spe¬ 
cific  effect,  but  rather  a  reflection  of  the  fact  that  under  these 
conditions  it  simply  takes  longer  for  material  to  pass  through 
the  gastrointestinal  tract  of  the  animal.  It  is  likely  that  the  phage 
is  handled  ns  an  inert  particle,  so  far  as  the  animal  is  concerned. 
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Figure  3.  Arctic  |»ruunil  squirrels  given  Kchu-li  virus. 


The  results  of  the  ECHO- 6  studies  are  shown  in  Figure  3. 
As  in  the  case  of  the  bacteriophage,  it  can  be  seen  that  the  virus 
soon  disappeared  from  the  intestinal  tract  of  the  active  animals 
but  could  be  recovered  from  the  hibernators  up  to  18  days  after 
administration.  Two  of  the  squirrels  were  still  excreting  virus 
when  the  last  sample  was  collected. 

Essentially  the  same  effect  was  observed  in  the  case  of  the 
Coxsackle  B-3  virus,  as  shown  in  Figure  4.  The  period  of  re¬ 
tention  in  the  nctive  animals  was  somewhat  longer  than  that  ob¬ 
served  for  the  bacteriophage  and  ECHO-6  virus,  but  these  dif¬ 
ferences  may  be  more  apparent  than  real. 

As  to  the  fate  of  the  virus  introduced,  none  of  our  data  gave 
any  evidence  that  viral  replication  had  occurred.  Indeed,  we  re¬ 
covered  considerably  less  virus  than  we  administered. 

Dempster  et  al.  (1961)  report  that  Coxsackie  B-3  virus  is  in- 
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ARCTIC  GROUND  SQUIRRELS  GIVEN  COXSACKIE  0-3  VIRUS 


F'Kurv  •>.  Arctic  gruunl  squirrels  given  Cuxsackie  R-3  virus. 


fectious  for  ground  squirrels  in  both  the  hibernating  and  non- 
hibernating  state.  They  were  able  to  recover  virus  up  to  50  days, 
after  subcutaneous  inoculation,  from  the  brown  fat,  brain,  and 
heart  tissue  of  animals  which  had  hibernated.  On  the  other  hand, 
their  active  animals  were  positive  for  virus  at  4  but  not  at  14 
days  after  a  similar  inoculation.  They  make  no  mention  of  the 
squirrels  arousing  from  hibernation  following  the  injections  nor 
subsequently  during  the  study  period  and  would  seem  to  infer  that 
they  observed  continuous  hibernation  for  as  many  as  50  days. 
Based  on  our  own  experience  and  the  published  reports  of  others 
(Lyman  and  Chatfield,  1955;  Kayser,  1960),  periods  of  continuous 
hibernation  beyond  30  days  are  unusual;  the  record,  to  my  knowledge, 
has  been  40  days  (Kayser,  1960).  We  have  not  as  yet  examined 
any  tissues  from  our  animals  for  the  presence  of  virus  but  expect 
to  do  so  In  some  future  studies.  It  is  my  belief  that  active  virus 
could  remain  in  the  animal  so  long  as  hibernation  continued.  Such 
findings  would,  of  course,  have  implications  with  respect  to  the 
possibility  of  overwintering  of  enteric  and  other  viral  agents. 
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The  resistance  of  hibernating  animals  to  Infection  has  been  In¬ 
vestigated  by  Kalabukhov  (1958)  and  others.  The  available  evidence 
Indicates  that  resistance  to  infection  is  increased  duringthe  period 
of  preparation  for  hibernation  as  well  as  during  hibernation.  There 
is  general  agreement  that  the  enhanced  resistance  is  simply  a  re¬ 
flection  of  the  physiological  state  of  the  animal.  Since  the  infectious 
agents  tested  are  not  capable  of  reproduction  at  temperatures  found 
in  the  hibernating  host,  one  would  not  expect  to  find  evidence  of  an 
active  infection  under  such  conditions.  At  the  same  time,  one  might 
expect  very  little  phagocytic  activity  at  such  reduced  temperatures, 
and  it  is  known  that  a  leucopenia  occurs  during  hibernation  (Svihla, 
1953).  These  observations  would  suggest  that  increased  resistance 
in  the  hibernating  state  is  probably  not  related  to  the  cellular  mech- 
unlsms  of  resistance. 

Adequate  data  are notavailableconcerningthehumoral resistance 
of  hibernators.  Jaroslowand  Smith  (1961)  have  studied  the  disappear¬ 
ance  of  antigen  from  the  circulatory  system  of  hibernating  ground 
squirrels.  Their  data  indicate  that  there  is  little  or  no  disappearance 
of  homologus  or  heterologus  proteins  from  the  circulation  during 
periods  of  hibernation.  Studies  concerning  the  actual  production  of 
antibody  during  hibernation  are  lacking. 

In  our  bacterial  studies  we  have  shown  that  the  psychrophiles 
grow  well  at  temperatures  downtoO°C,  and  that  they  increase  con¬ 
siderably  in  number  in  the  intestinal  tract  during  hibernation.  Most 
of  the  psychrophilic  organisms  we  have  encountered  have  been  gram 
negative  rods  and  producers  of  endotoxin.  It  is  conceivable  that  with 
the  animal's  normal  mechanisms  of  resistance  either  inoperative  or 
functioning  with  reduced  efficiency,  these  organisms  might  find  their 
wuy  out  of  the  intestinal  tract  and  into  other  parts  of  the  body  such 
as  the  blood  stream.  It  is  tempting  for  me  to  speculate  that  one  of 
Nature's  reasons  for  programming  those  unexplained  spontaneous 
arousals,  which  are  accomplished  at  great  expense  of  energy  to  the 
animal,  might  be  to  clear  the  circulation  of  these  and  other  invading 
toxic  elements.  One  of  the  things  we  plan  to  do  in  the  future  is 
to  check  the  blood  of  the  hibernating  squirrels  for  psychrophiles 
and  other  endogenous  microorganisms. 
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SUMMARY 


i  The  effect  of  reduced  temperatures  (associated  with  hibernation) 

on  the  normal  bacterial  flora  andonthefate  of  specific  viral  agents 
which  were  artificially  introduced  into  ground  squirrels  has  been 
studied.  The  data  indicate  that  a  gradual  increase  in  the  number  of 
psychrophiles  and  a  simultaneous  decrease  in  the  number  of  con¬ 
form  bacilli  occurs  during  hibernation.  No  change,  which  could  be 
associated  with  hibernation,  was  noted  in  either  the  total  cell  count 
or  the  number  of  fecal  streptococci. 

The  viral  studies  demonstrated  that  hibernation  appears  to  ex¬ 
tend  the  period  of  time  during  which  the  specific  agents  tested  could 
be  recovered  from  animals  following  artificial  administration. 
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DISCUSSION 


REINHARD:  How  much  fecal  material  and  ingesta  remains 
in  the  gastrointestinal  tract  of  these  hibernating  animals? 

SCHMIDT:  Generally  the  stomach  is  empty.  This  is  follow¬ 
ing  prolonged  periods,  and  as  I  mentioned,  they  do  not  eat, 
usually,  during  the  periods  of  arousal.  This  has  been  investi¬ 
gated  by  certain  workers  from  the  histological  standpoint,  and 
so  on.  Their  stomachs  are  usually  empty,  although  there  will 
be  fecal  material  remaining  in  the  intestinal  tract,  and  they 
do  defecate  when  they  wake  up. 

REINHARD:  Is  tills  a  considerable  amount  throughout  the  in¬ 
testinal  tract? 

SCHMIDT:  I  don't  know  what  you  would  call  considerable.  Our 
samples  are  usually  about  1  gm. 

REINHARD:  Has  anybody  investigated  bacterial  activity  in  the 
intestine  in  relation  to  the  possible  production  of  materials 
which  could  serve  as  sources  of  energy  to  the  host,  when  ab¬ 
sorbed? 

SCHMIDT:  No,  as  far  as  I  know,  but  I  think  the  source  of  energy 
is  the  brown  fat. 

BERRY:  Does  the  total  amount  of  fecal  material  discharged 
by  tire  control  animals  that  get  rid  of  the  virus  in  three  or  four 
days  equal  the  total  amount  of  fecal  material  of  the  hibernating 
animals  which  require  eighteen  days  to  eliminate  the  virus? 

SCHMIDT:  I  am  not  sure  I  understand  you. 

BERRY:  This  would  give  some  measure  of  digestive  tract 
motility. 

SCHMIDT:  Yes,  it  is  my  feeling  that  this  virus  is  taking  a 
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ride;  in  the  active  animals,  it  simply  gets  there  quicker. 

BERRY:  It  should  be  possible  to  measure  the  total  fecal  material 
discharged. 

SCHMIDT:  That  is  right.  We  have  records  on  this,  but  I  did 
not  think  that  the  data  that  I  had  suggested  anything  very  un¬ 
usual  about  this,  and  as  I  mentioned,  I  feel  that  this  retention 
is  a  mechanical  sort  of  thing.  Now,  perhaps  not  in  the  case  of 
Coxsackie  B-3.  Dempster*  has  reported  active  infection  in  his 
animals.  He's  worked  with  bats  and  also  with  ground  squirrels 
of  a  different  species  than  mine.  There  are  some  things  that 
we  have  to  get  straightened  out  about  Dempster's  work,  but 
he  claims  that,  for  Instance,  the  virus  actually  multiplies  during 
hibernation. 

CAMPBELL:  What  happens  if  you  remove  the  brown  fat  be¬ 
fore  or  during  hibernation? 

SULKIN:  1  think  it  would  be  impossible  to  do  this,  because 
although  brown  fat  is  located  largely  in  the  interscapular  area, 
it  is  distributed  elsewhere  in  the  body,  so  you  could  never  do 
a  definitive  experiment  of  this  sort. 

CAMPBELL:  But  it  is  fairly  localized  in  mammals;  you  could 
take  most  of  it  out. 

SULKIN:  You  could  take  a  pretty  good  chunk  of  it  out.  But 
there  is  a  lot  of  brown  fat  along  the  spinal  column  and  else¬ 
where,  and  it  may  not  take  much  to  do  the  trick. 

WALKER:  How  important  is  temperature  to  this  natural  hi¬ 
bernation  that  you  speak  of?  How  low  must  this  be  in  either  bats 
or  squirrels? 

SCHMIDT:  These  animals  will  become  groggy,  sleepy,  tor¬ 
pid  and  in  a  state  of  hibernation  around  19°  C,  for  Instance,  but 


l  Dempster  ct  al.  1961,  Cnrrnd.  J.  Microbiol.  7:  587-594. 
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they  are  like  a  bear;  that  is,  they  are  easily  aroused.  Their 
body  temperature  can  actually  be  lower  than  the  ambient  tem¬ 
perature.  This  is  supposed  to  be  due  to  the  evaporative  cooling 
effect,  but  they  will  enter  what  is  called  a  state  of  hibernation 
at  around  19°  C,  and  as  you  lower  the  temperature,  within  reason 
now,  they  get  in  an  increasingly  deeper  state  of  hibernation.  We 
were  trying  to  get  pretty  deep  hibernation. 

TRAPANI:  How  low  is  the  ambient  temperature  of  the  burrow 
in  the  natural  habitat  of  the  animal? 

SCHMIDT:  This  has  been  studied  by  Dr.  Mayer^  here  in 
Alaska.  He  has  rigged  up  a  very  clever  harness  for  the  ani¬ 
mal  made  out  of  guaze,  on  which  he  attaches  a  thermocouple. 
The  animal  goes  down  into  the  burrow  and  drags  the  thermo¬ 
couple  with  him.  He  has  made  recordings  throughout  the  winter. 
It  will  actually  get  below  0°  C  for  certain  periods  of  time.  I 
am  sure  there  is  a  microclimate  involved,  too,  but  the  tempera¬ 
ture  is  quite  steady  in  the  burrow. 

TRAPANI:  Then  they  will  waken,  shiver,  and  then  go  back 
to  sleep? 

SCHMIDT:  The  feeling  is  that  they  do  arouse  even  in  the  natural 
state,  periodically,  in  their  burrows,  and  they  will  fool  around 
a  little  while  and  then  go  back  into  hibernation. 

ANDREWES:  Two  questions  I'd  like  to  ask.  Am  I  correct  in 
supposing  that  what  you  told  us  implies  that  these  various  phages 
and  other  viruses  that  you  put  into  the  hibernating  animal  do 
persist  for  very  long  periods  of  time  in  contrast  with  E.  coli 
which  are  not  only  relatively,  but  actually,  disappearing? 

SCHMIDT:  The  E.  coli  get  down  to  a  rather  low  level.  The 
studies  with  bacteria  were  for  longer  periods  of  time;  how¬ 
ever,  I  think  there  is  a  difference.  I  don't  know  just  where  these 
E.  colj  go.  I  can't  account  for  this;  there  are  a  number  of  pe- 


2  Mayer,  W.  V.  I960.  Bull.  Museum  Comp.  Zool.  Harvard  Untv.  124:  131-154, 
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culiar  things  here  in  the  bacterial  picture.  For  instance,  we  see 
a  rather  rapid  increase  in  the  psychrophiles  beyond  what  you 
can  get  in  a  test  tube.  You  know  how  slowly  psychrophilic  or¬ 
ganisms  grow  at,  say,  4°  C.  It  takes  several  days  to  get  much 
of  an  increase,  but  in  the  squirrel,  after  he  hibernates  for  a 
couple  of  days  you  find  approximately  a  six  log  increase  and, 
at  the  same  time,  you  may  observe  perhaps  a  three  log  de¬ 
crease  in  the  count  of  E,  coll.  I  have  no  explanation  for  this 
whatsoever. 

WALKER:  Could  this  be  a  matter  of  competition  in  the  in¬ 
testinal  tract?  Could  the  conditions  be  such  that  one  has  a  greater 
advantage  than  the  other  and  E.  coll  is  crowded  out? 

ANDREWES:  I  don't  see  why  E.  coll  should  actually  die. 

SCHMIDT:  They  won't  reproduce  at  these  low  temperatures. 
They  have  several  things  working  against  them,  whereas  the 
psychrophiles  have  everything  working  their  way,  as  it  were. 
This  is  the  temperature  at  which  the  psychorphiles  can  re¬ 
produce,  and  at  the  same  time,  body  defenses  are  rather  im¬ 
mobilized  so  that  they  can  grow  unabated. 

WALKER:  Yes,  the  pH  may  change  and  there  are  all  sorts 
of  things  to  which  E.  cob  may  be  susceptible. 

SCHMIDT:  Well,  I  have  tested  for  antibiosis  by  the  plate  method. 
It  was  not  an  exhaustive  study,  and  although  I  haven't  seen  any 
evidence  of  this  as  yet,  it  is  one  of  the  things  that  certainly 
should  be  considered.  Also  the  moisture  content  of  the  intes¬ 
tinal  contents  changes  somewhat.  In  addition,  there  is  a  lot  of 
mucus  secreted  into  the  intestine,  which  probably  serves  to 
protect  the  lining  during  these  periods,  and  this  may  have  an 
effect  on  the  bacteria  and  also  the  virus. 

ANDREWES:  My  second  question  refers  to  Dempster's  story 
about  the  enterovirus  multiplying.  It  would  seem  from  what 
you  have  told  us  that  one  might  infer  that  this  virus  is  growing 
at  a  temperature  lower  than  any  other  viruses  do  grow,  so  one 
might  suspect  that  any  growth  there  is  might  occur  during  these 
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periods  of  awakening. 

SCHMIDT:  That  is  right.  This  would  seem  to  be  the  logical 
explanation,  although  Dempster  reports  viral  replication  with 
hibernating  bats.  In  connection  with  this,  I  asked  Dr.  Sulkin 
about  his  bats;  that  is,  whether  they  spontaneously  arouse.  You 
see,  they're  quite  a  different  animal  in  that  they  really  don't 
have  a  thermoregulatory  mechanism.  But  ground  squirrels  do. 
You  can  put  ground  squirrels  in  a  cold  room  and  if  they  are 
ready  to  hibernate,  they  will.  If  they  are  not,  you  can  keep  them 
there  for  a  long  period  of  time  and  they  won't  hibernate.  Demp¬ 
ster  makes  the  point  that  these  bats  which  he  kept  at  2°  C  did 
hibernate,  and  there  was  virus  multiplication.  Coxsackie  B-3 
was  the  agent  he  was  using.  In  all  fairness  to  Dempster,  let 
me  briefly  tell  you  what  he  has  done.  He  has  made  quantitative 
estimations  of  virus  in  squirrels  by  inoculating  suckling  mice 
with  dilutions  of  homogenates  of  various  tissues.  With  the  bats, 
on  the  other  hand,  he  reports  only  "isolation"  or  "no  isolation". 
He  was  able  to  recover  the  virus  from  the  blood  and  certain 
other  tissues.  I  think  that  he  considers  viremia  as  being  in¬ 
dicative  of  viral  replication.  If  we  would  discuss  this  with  him, 
which  I  have  not  done  yet,  we  might  be  able  to  iron  this  out, 
but  certainly  there  is  this  possibility  that  this  minor  replic- 
cation  has  occurred  during  these  periods  of  arousal. 

NORTHEY:  I  am  sorry  to  dig  up  a  dead  body  here,  but  some¬ 
thing  is  bothering  me  very  much.  Was  it  the  consensus  of  this 
group  that  protein  metabolism  resulting  from  an  increase  in 
total  food  consumption  directly  affected  antibody  production? 

I  think  this  is  a  very  fundamental  point  here.  In  other  words, 
cun  we  suy  then  that  the  cure  for  pheumococci  pneumonia  would 
be  an  increase  in  food  intake? 

CAMPBELL:  I  thought  I  tried  to  bring  this  point  out  when  I 
was  talking.  Very  definitely  there  are  two  things  involved.  Mostly, 
synthesis  of  antibody  involves  a  breakdown  of  the  antigen.  As 
I  mentioned  a  while  ago,  Dixon  has  pointed  out  the  possibility 
that  under  stress  of  hyperimmunization,  the  body  uses  gamma 
globulin.  This  is  the  source  of  amino  acids.  Under  the  normal 
suite  it  uses  free  amino  acids,  so  meUibolism  must  play  a  very 
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Important  role  in  all  this  type  of  stress  mechanism,  if  it  goes 
more  than  three  or  four  days, 

NORTHEY:  Does  it  depend  upon  the  antigenicity  of  the  material? 
This  would  depend  on  how  antlgenetlc  the  material  is,  in  which 
case  it  would  be  independent  of  the  protein  metabolism. 

CAMPBELL:  1  don't  know  what  you  mean  by  antigenicity. 
Some  of  the  things  like  hemocyanin  seem  to  stimulate  more 
precipitating  antibodies  than,  say,  serum  albumin.  Now,  what 
the  basis  of  this  is,  I  don't  know.  Some  people  say  that  anti¬ 
genicity  is  related  to  molecular  weight  because  all  albumin 
is  a  very  good  antigen.  But  more  important  is  seeing  how  a 
material  is  localized  and  handled  by  intracellular  enzymes. 


418 


COLD  THERAPY  IN  BACTEREMIC  SHOCK 

Emil  Blair 

University  of  Maryland 
School  of  Medicine 
Baltimore  1,  Maryland 


ABSTUACT 

Approximately  10-12  per  cent  of  bacleremlc  patients  go  Into  shock.  Mortality  la 
60-70  per  cent  despite  aggressive  therapy,  Including  bacteria  sensitive  antibiosis. 
The  basic  problem  In  all  forms  of  shock  appears  to  be  a  disparity  between  MH02  and 
CDOj  (circulatory  delivery  of  oxygen  to  the  cell).  The  rationale  of  hypothermia  Is 
directed  primarily  at  MI102  and  secondarily  at  CD02,  At  32°  C,  MROj  Is  one-third 
of  normal,  cold  pressor  effect  elevates  and  sustains  arterial  blood  pressure,  heart 
rate  Is  slowed,  and  the  renal  and  the  CNS  flow  and  ventilation  are  augmented.  The 
patient  Is  brought  Into  a  metabolic  environment  more  commensurate  with  the  reduced 
perfusion.  No  direct  effect  on  the  bacterial  organism  or  on  nntlbiosls  was  observed. 
Similarly,  leuoocytlc  response  was  not  altered.  Patients  were  cooled  only  when  they 
had  become  refractory  to  therapy  and  were  In  dire  straights.  Salvage  rate  was  50  per 
oont  In  52  cooled.  Excluding  deaths  from  various  causes,  14  (27  per  cent)  died  of  un¬ 
remitting  septic  shock.  In  two  of  these,  opsonin  Indices  were  found  to  reduce  markedly. 
Current  studios  In  dogs  with  no  thorapy  appear  to  confirm  the  view  that  hypothermia 
(32°  C)  exerts  no  direct  effect  on  the  organism  or  on  host  mechanisms.  Death  Is  likely 
duo  in  part  to  crippling  of  the  HES. 


The  syndrome  of  bacteremic  shock  has  been  long  recognized  as  a 
serious  clinical  problem  (Laennec,  1831).  While  the  most  common 
offending  micro-organisms  belongtothecoliformgroup, this  usually 
fatal  malady  can  be  precipitated  by  gram  positive  bacteria,  by 
Rickettsiae  and  by  viruses  (Spink,  I960;  Ebert  and  Abernathy,  1961). 
The  pathophysiology  is  generally  pictured  as  vascular  failure  or  col¬ 
lapse  (Romberg,  1899;  Gilbert,  1960)  and  believed  due  directly  or  in¬ 
directly  to  endo-  or  exotoxins  (Spink,  1960;  Thai  and  Egner,  1956; 
Aub  et  al.,  1947).  The  physiologic  dysfunction  pattern  is  similar  with 
both  toxins.  It  is  estimated  that  aboutl5per  cent  of  clinical  bacter¬ 
emias  develop  hypotension  and  the  shock  syndrome  (Ebert  and  Aber- 
nuthy,  1961).  Antibiosis  along  with  supportive  therapy  reduced  a  100 
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per  cent  mortality  to  60  percent— 75  per  cent  in  coliform  or  staph¬ 
ylococcus  shock  (Altmeier  and  Cole,  1958;Smithand  Vickers,  1960). 
Ps.  aerogulnosa  continues  to  claim  a  100  per  cent  death  rate  (Mon- 
crief). 

Failure  to  control  satisfactorily  the  staggering  losses  prompted 
exploration  for  help  in  another  direction.  While  the  complex  pattern 
from  Infection  to  shock  and  death  is  yet  to  evolve,  the  underlying 
problem  appears  to  be  hypoxemia.  Cellular  metabolic  requirements 
(MR02)  in  febrile  states  accelerate.  This  calls  for  a  proportionate 
increase  in  circulation  to  assure  adequate  delivery  of  oxygen  (CDO2). 
At  any  given  metabolic  level,  the  ratio  of  CD02  to  MRO2  determines 
the  presence  or  absence  of  hypoxemia  and  its  degree.  As  long  as  the 
circulation  meets  the  requirements,  there  is  no  hypoxemia.  In  the 
case  of  septic  shock  characterized  by  circulatory  failure,  the  re¬ 
duced  perfusion  results  in  a  proportionate  decrease  in  tissue  oxygen 
tension.  The  disparity  lies  with  CDO2  (assuming  alveolar  oxygen 
tension  is  maintained).  Whentheratiofallsbelowa  critical  level  for 
a  given  metabolic  state,  thecelldies.  Current  treatment  is  aimed  at 
CDC>2  in  the  form  of  transfusions,  oxygen  inhalation  and  vasopres¬ 
sors.  This  line  of  attack  is  inadequate  as  indicated  by  the  high  rate 
of  death.  The  next  obvious  step  is  to  attempt  modification  of  MRO2 
in  order  to  bring  it  more  in  line  with  the  reduced  CD02  and  restore 
the  normal  ratio.  Hypothermia  is  a  means  of  doing  this.  With  pro¬ 
gressive  lowering  of  core  temperature  of  the  homeotherm,  there  is 
an  exponential  fall  in  oxygen  uptake  in  the  absence  of  shivering 
(Spurr  etal.,  19  54),  At  32° C  uptake  is  reduced  by  one- third,  at  30°  C 
by  one-half,  at  25°  C  two-thirds,  and  four-fifths  at  20°  C  (Blair, 
1960).  Reduction  in  blood  flow  is  roughly  proportional  to  that  in  oxy¬ 
gen  consumption.  Thus,  in  septic  shock  with  an  already  diminished 
flow,  it  appeared  possible  that  with  a  lowering  of  MR02  by  hypo¬ 
thermia,  a  more  favorable  metabolic  environment  may  supervene. 

In  addition  to  the  significant  decrease  in  metabolism  at  32°  C, 
other  features  at  this  level  provide  additional  physiological  benefits. 
Cold  pressor  effect  restores  and  sustains  the  arterial  blood  pres¬ 
sure.  The  heart  rate  is  slowed  and  its  work  allayed;  the  central  ner¬ 
vous  system  is  stimulated  and  reflex  mechanisms  are  augmented; 
ventilation  is  improved,  and  renal  flow  is  enhanced.  This  has  been 
termed  the  augmented  level  (Blair,  1960).  The  thesis  for  hypothermia 
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then,  is  to  modify  the  metabolic  environment  of  the  host  with  likely 
no  specific  action  at  any  given  site  or  enzyme  system.  In  instances 
such  as  bacteremic  shock,  hypothermia  would  place  the  metabolic 
community  at  a  physiologic  level  more  commensurate  with  the  ex¬ 
isting  attenuated  blood  flow.  Hypothermia  as  a  "therapeutic"  tool  is 
quite  ancient  (Currie,  1798).  In  recent  years  a  number  of  reports 
have  attested  to  the  value  of  hypothermia  in  septic  problems  (Blair 
et  al.,  1961  ;Cockett  and  Goodwin,  1961;  Martin,  1958;  Drescher,  I960). 

This  report  consists  of  a  description  of  clinical  experiences  and 
some  aspects  of  experimental  studies.  Evaluation  of  the  influence  of 
hypothermia  rested  on  refractoriness  to  standard  therapy.  The  pa¬ 
tients  continued  to  receive  intensive  drug  and  antibiotic  treatment 
while  under  hypothermia.  In  order  to  evaluate  the  effects  of  hypo¬ 
thermia  per  se,  bacteremic  shock  was  induced  in  dogs,  one  series 
of  which  received  no  treatment  other  than  hypothermia. 


CLINICAL  STUDY 


Criteria  for  Cooling 

The  sequence  of  progressivedeteriorntionfrom  an  acute  infection 
to  septicemia,  hypotension,  and  shock  does  not  adhere  to  a  specific 
clinical  pattern.  Too  many  important  factors  influence  the  probabil¬ 
ities  of  shock  in  septicemia.  Some  of  these  are  host  resistance,  in¬ 
cluding  age  and  nutrition;  type  and  virulence  of  offending  micro¬ 
organism;  nnd  type,  intensity,  and  timing  of  treatment.  The  criteria 
for  the  development  of  shock  secondary  to  sepsis  are  largely  based 
upon  hypotension,  tachycardia,  hyperpnea,  and  oliguria.  All  patients 
in  septic  shock  were  begun  on  the  accepted  regimen  as  enumerated 
previously.  Only  those  who  subsequently  became  unresponsive  and 
seemed  about  to  die  were  selected  ns  candidates  for  hypothermia. 

Characteristics  of  a  typical  clinical  picture  are  listed  in  Figure  1. 
The  patient  who  appeared  tobedoing fairly  well  was  usually  elderly. 
The  temperature  dropped  slightly,  ventilation  became  irregular,  nnd 
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1.  Elderly  debilitated  patient 

2.  Gram  negative  coliform  bacteria 

3.  Temperature  39°  C  -  40°  C 

4.  Sudden  collapse: 

a.  pallor  or  cyanosis 

b.  disturbed  sensorium 

c.  blood  pressure  below  70  mm.Hg. 

d.  weak,  rapid  pulse 

e.  oliguria 

f.  ventilatory  disturbance 

5.  Blood  status: 

a.  elevated  BUN 

b.  whole  blood  deficit 

c.  electrolyte  deficit 

d.  leucopenia  often 

e.  metabolic  acidosis 

6.  Mortality  65-70  per  cent 


Figure  I.  Clinic.il  features  of  bactercmtc  shock. 
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Level:  33°  C  -  32°  C  35  Patients 

37°  C  10  Patients 

Duration:  1  3  7  14  30  Days 

10  16  12  6  1  Day 

Figure  2.  Duration  of  Hypothermia  In  bacteremlc  shook. 

Total  cases  -  45  Died  -  22  Rate  -  50% 
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Figure  3.  Mortality  factors. 

a  pallor  engulfed  the  rapidly  deteriorating  patient.  Urine  flow  ceased, 
ieucopenia  and  metabolic  derangements  were  observed  often.Refrac- 
toriness  to  therapy,  characterized  by  an  almost  total  breakdown  of 
physiologic  compensation, was  demonstratedby  marked  disturbances 
in  sensorium  or  coma,  thready  or  absent  pulse,  an  arterial  blood 
pressure  below  60  mm  Hg  or  unobtainable,  and  Cheyne-Stokes  or 
Kaussmalbreathing.A  surface  coolingtechnic  was  applied  utilizing  a 
rubber  blanket  through  which  refrigerant  fluid  (ethyl  alcohol)  was 
circulated.  The  cooling  process  was  stopped  at  34°  C  to  33°  C 
and  the  patient  allowed  to  drift  to  a  32°  C  to  31°  C  level  at  which 
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Figure  4.  Response  oi  septic  shock  patients  to  ooollng. 
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Figure  5.  Complications  from  hypothermia. 

he  was  then  stabilized.  By  controlling  blanket  temperature,  patients 
were  maintained  at  33°  C  to  32°  C  for  extended  periods. 


Results  of  Clinical  Study 


A  total  of  45  patients  were  cooled  for  periods  of  one  to  thirty  days 
with  the  majority  for  a  week  or  less  (Fig.  2).  Gram  negative  organ¬ 
isms  were  responsible  for  the  sepsis  in  4  3  of  which  E.  coli  was  most 
commonly  predominant.  The  others  were  S.  aureus , coagulase  posi¬ 
tive.  Positive  blood  cultures  were  obtainable  in  less  than  50  per  cent. 
Positive  cultures  were  present  during  hypothermia  and  upon  re¬ 
warming  in  those  who  survived. 


424 


COLD  THERAPY  IN  BACTEREMIC  SHOCK 


The  salvage  rate  was  50  per  cent  (Fig.  3).  Only  one-half  of 
the  deaths  were  due  to  unremitting  septic  shock.  At  the  time 
of  all  fatalities  antibiosis  was  specifically  bacterio-sensitive. 
The  elderly  debilitated  patient  tolerated  septic  shock  most  poorly. 
Survival  rate  was  73  per  cent  in  those  under  50  years  of  age 
and  only  44  per  cent  in  those  over  50.  Two  deaths  were  associ¬ 
ated  with  deeper  cooling  (28°  C  and  27°  C)  and  were  in  individuals 
over  50  years  of  age.  Response  to  cooling  was  uniformly  favor¬ 
able,  attesting  to  the  augmenting  influence  of  the  level  of  cooling 
employed  (Fig.  4).  However,  this  response  proved  no  indicator 
of  the  outcome.  Most  of  the  deaths  occurred  within  72  hours  of 
cooling.  Therefore,  survival  beyond  this  time  increased  prob¬ 
abilities  of  recovery,  unless  a  complication  unrelated  to  the 
sepsis  intervened.  Complications  of  hypothermia  proved  to  be 
of  little  or  no  consequence  where  adherence  to  32°  C  was  ob¬ 
served  (Fig.  5).  Four  patients  developed  hypoglycemia,  which 
was  adequately  managed  by  glucose  infusion. 

The  criteria  for  rewarming  were  based  entirely  on  the  sub¬ 
jective  course  of  the  hypothermic  patient  and  did  not  bear  neces¬ 
sarily  any  relationship  to  the  state  of  the  sepsis  or  host  anti¬ 
bacterial  response.  The  primary  indication  for  rewarming  was 
the  patient's  vocal  and  muscular  objection  to  the  cold  state.  The 
sensorium  was  clear,  the  arterial  blood  pressure  and  pulse  sta¬ 
bilized,  and  ventilation  was  normal.  Elevation  in  temperature 
occurred  in  all  patients  after  rewarming.  Hypothermia  was  re¬ 
instituted  only  when  this  was  accompanied  by  evidences  of  shock. 

An  example  of  a  survivor  cooled  for  eight  days  is  illustrated 
in  Figure  6.  This  was  an  18  year  old  white  female,  who  devel¬ 
oped  peritonitis  following  an  appendectomy.  Septicemia  was  evi¬ 
denced  by  an  elevated  temperature  of  39°  C  to  40°  C,  tachy¬ 
cardia,  hyperpnea,  and  leucopenia.  Bacteroides  was  cultured 
from  the  blood  stream.  Surgical  exploration  was  followed  by 
shock.  Failure  of  response  to  therapy  highlighted  by  lethargy 
and  coma  prompted  resort  to  hypothermia.  Within  72  hours  there 
wis  considerable  improvement  in  the  patient's  status.  Blood  cul¬ 
tures  remained  positive  during  the  hypothermic  state  and  be¬ 
came  negative  12  days  after  hypothermia  was  discontinued.  Re¬ 
warming  was  started  on  the  fourth  day,  but  a  convulsive  seizure 
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Figure  6.  Case  ofbacleroldes  septic  shock  managed  with  hypothermia. 


and  coma  believed  due  to  brain  abscess,  necessitated  further 
cooling.  Within  24  hours  the  patient  was  again  awake.  The  pa¬ 
tient  complained  of  the  cold  and  was  shivering  actively.  Re¬ 
warming  was  started  again  on  the  eighth  day  and  was  followed 
by  an  elevated  temperature  of  38°  C.  Since  the  patient's  hemo¬ 
dynamics  and  neurologic  status  remained  normal,  no  further  cooling 
vas  attempted.  Figure  7  shows  the  blood  picture.  During  the  ini¬ 
tial  period  of  the  bacteremia,  there  was  a  leucopenia.  The  white 
blood  cell  count  was  5,000  with  only  30  per  cent  mature  gran¬ 
ulocytes  and  50  per  cent  immature  cells.  Just  prior  to  cooling, 
the  white  count  increased  and  continued  to  be  elevated  during 
hypothermia.  Mature  polymorphonuclear  leucocytes  appeared  in 
the  high  ratio  normally  expected  in  severe  sepsis.  The  alter¬ 
ations  in  hematocrit  coincided  with  the  whole  blood  deficits,  and 
returned  to  normal  with  blood  replacement. 
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Figure  7.  Blood  element  changes  In  a  case  of  bacteroldes  septic  shock  with  hypo¬ 
thermia. 


Discussion  of  Clinical  Observations 

Hypothermia  proved  to  be  a  valuable  adjunct  In  this  group  of 
seriously  ill  patients.  Its  effect  appeared  to  be  primarily  metabolic 
and  permitted  an  increase  in  cellular  tolerance  to  hypoxia.  This 
"slowing  down"  allowed  time  in  which  to  pursue  treatment  directed 
specifically  against  the  micro-organism.  It  is  of  special  interest 
that  death  occurred  even  while  bacterio- sensitive  antibiotics  were 
being  poured  in.  In  part,  the  failure  of  antibiosis  may  be  related  to 
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reduced  perfusion,  the  failure  of  the  needed  carrier  mechanism. 
The  hypoglycemia  observed  during  hypothermia  is  not  In  keeping 
with  the  usual  observations.  Hyperglycemia  iB  fairly  characteristic 
in  normal  animals  cooled  from  31°  C  to  25°  C  (Bickford  and  Mot- 
tram,  1960;  Blair,  unpublished  data)  and  inhumans  at  30°  C  (Henne- 
man  et  al.,  19  58).  The  elevated  blood  sugar  has  been  attributed  to  re¬ 
duced  metabolism  and  impaired  absorption  (Henneman  et  al.,  1958; 
Wynn,  19  54).  Endotoxins  have  been  demonstrated  to  produce  hypo¬ 
glycemia  after  an  initial  hyperglycemia  (Berry  et  al.,  1959).  Hypo¬ 
glycemia  was  not  observed  in  only  those  patients  under  hypothermia 
in  this  study.  One  likely  explanation  may  be  that  shivering  caused 
this,  but  since  all  survivors  shivered  at  one  time  or  another,  other 
causes  must  have  existed. 

While  there  is  little  doubt  of  the  efficacious  role  of  hypothermia 
in  bacteremic  shock,  the  evidence  thereto  is  essentially  imperical. 
The  continued  administration  of  antibiotics,  corticosteroids,  and 
other  drugs  may  well  have  obscured  the  precise  effect  of  hypo¬ 
thermia  itself.  In  order  to  assess  the  effect  of  cooling  per  se,  an 
experimental  study  was  undertaken. 


EXPERIMENTAL  STUDY 


Methods 

Randomized  chlorolosed  mongrel  dogs  of  both  sexes  weighing  be¬ 
tween  10-15  kg  were  induced  into  septic  shockby  peritoneal  instilla¬ 
tion  of  1  to  L 5  gms  of  feces,  suspended  in  saline.  Ventilation  was 
unsupported.  Three  groups  of  dogs  were  studied:  normal  (B),  septic 
shock  (S.S.),  and  septic  shock  plus  hypothermia  of  32°  C  (S.S.  +  H.). 
Arterial  blood  pressure  (ABPm)  was  monitored,  as  were  heart  and 
ventilatory  rates  (HR  and  ^p),  Arterial  and  mixed  venous  samples 
and  expired  air  were  withdrawn  for  baseline  controls  during  septic 
shock  and  after  hypothermia  was  induced.  Oxygen  content  was  de¬ 
termined  by  Van  Slyke-Neil  method,  while  oxygen  uptake  (Vo?)  was 
determined  by  Scholander;  and  from  these  cardiac  output  (<§)  was 
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Figure  B.  Per  oent  mortality  rates  In  experimental  gram  negative  septic  Bhock  with 
(S.S.)  atxl  without  hypothermia  (S.S.  ♦  H.). 
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Figure  9.  Hemodynamic  and  ventilatory  rate  changes  In  septic  shock  (closed  circles) 
and  septic  shock  plus  hypothermia  (open  circles). 


429 


SS  SS‘H 


Figure  10.  Ventilation  In  aeptio  shock  (dosed  clroles)  and  septic  shook  with  hypo¬ 
thermia  (open  clroles),  Vqj  -oxygen consumption;  V-j. «  minute  ventilation.  During  aeptio 
shock,  an  Increased  degree  of  breathing  was  required  to  yield  a  given  amount  of  oxygen. 
Hypothermia  significantly  allayed  this  undue  ventilatory  work  by  reducing  oxygen  re¬ 
quirement  (MROj), 


computed.  Cultures  of  the  blood  stream  were  done  0,  15,  30,  and 
60  minutes  after  instillation  of  feces.  White  counts  and  differ¬ 
entials  were  done  also  prior  to  and  after  septic  shock  in  both 
groups.  It  is  emphasized  the  animals  received  no  fluids  or  treat¬ 
ment  other  than  hypothermia  in  the  S.S.  +  H.  group,  except  for 
replacement  of  blood  removed  for  analysis. 


Results  of  Experimental  Study 


Mortality.  Figure  8  shows  the  mortality  rate  in  both  groups. 
Eighty-six  per  cent  of  the  animals  died  in  septic  shock  in  four 
hours,  and  all  died  within  six  hours  after  fecal  instillation.  In 
the  hypothermic  group  13  per  cent  died  by  the  four-hour  period, 
88  per  cent  by  10  hours,  and  all  by  around  fourteen  hours.  Hypo¬ 
thermia  did  not  save  any  of  the  animals,  but  it  did  prolong  survival 
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Figure  11.  Example  of  a  septic  shook  study.  Concomittant  with  massive  bacterial  in¬ 
vasion  of  the  blood  stream,  the  temperature  rose,  arterial  blood  pressure  dropped, 
ventilation  and  heart  rates  accelerated, 

significantly. 

Physiologic  changes.  Figure  9  demonstrates  alterations  in 
ABPm,  HR,  and  Vp.  Septic  shock  was  characterized  by  significant 
fall  in  ABPm,  by  tachycardia,  and  by  hyperpnea.  Hypothermia 
resulted  in  a  further  fall  in  ABPm,  and  a  slowing  of  HR  and  VRto 
or  below  pre-septic  shock  values.  Non-cooled  dogs  prior  to  death 
underwent  serious  reduction  in  the  compensating  hyperventilation. 
*02  and  (minute  ventilation)  values  are  shown  in  Figure  10. 
Vq2  in  septic  shock  remained  essentially  similar  to  pre- infection, 
with  an  Increased  VT. Upon  cooling, Vq2  end  VT  declined  appreciably. 
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Figure  12.  Exnmple  of  aseptlcshockand hypothermia  study.  Note  again  onset  of  shock 
shortly  after  flooding  of  blood  stream.  This  likely  represents  period  of  failure  of  clear¬ 
ance  mechanisms  of  the  blood  stream.  Under  hypothermia  the  arterial  blood  pressure 
changed  little,  but  ventilation  and  heart  rates  Blowed  considerably.  Upon  rewarming, 
heart  rate  re-accelerated  and  ventilation  decreased,  but  not  to  previous  high  pre- 
hypothermic  level. 


Examples  of  the  course  of  events  in  an  animal  from  each  group  are 
illustrated  in  Figures  11  and  12.  Hypotension,  tachycardia,  and  hyper- 
pnea  developed  at  about  the  same  time  the  blood  stream  was  over¬ 
whelmed  with  bacteria.  The  hypothermic  dog  livedfor  14  hours,  and 
then  succumbed  after  it  had  been  rewarmed.  Positive  blood  cultures 
persisted  during  the  hypothermic  period.  Effects  on  A-Vq2  appear 
in  Figure  13.  There  was  a  marked  widening  (three  times  normal) 
which  indicated  increased  extraction  of  oxygen.  Atthetime  of  death 
the  A-  ^q2  widened  further,  while  in  the  cooled  septic  dogs  there 
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Figure  13.  A-Vq,  differences  In  sepllo  shook  (closed  clroles)  and  septic  shock  with 
hypothermia  (open  circles).  Baseline  (B)  values  are  similar  In  both  groups.  During  septic 
shock  (S.S.),  A-Vq2  rose  with  further  rise  later  In  the  S.S.  group.  Under  hypothermia 
(S.S.  +  H.),  however,  there  was  significant  Improvement  InA-V 
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Figure  14.  Incidence  of  predominant  ml  cro-organlsms  cultured  fromthe  blood  stream. 
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Figure  15.  Percentage  rate  of  appearance  time  of  mloro- organisms  In  blood  stream. 
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Figure  16.  White  blood  count  In  septic  shock.  A  marked  leucopenia  developed  with 
stabilization  and  somo  Improvement  under  hypothermia  (32°  C).  Just  before  death  In 
the  hypothermic  group,  there  was  a  further  fall  In  white  blood  oells. 

was  a  reduction  toward,  but  not  to,  normal. 

Bacteriology.  The  most  common  organism  cultured  from  the  blood 
stream  was  Escherichia  coli  (Fig.  14).  Cultures  Included  also  Strep¬ 
tococcus,  Pseudomonas,  and  Aerobacter.  Combinations  of  E.  coli 
with  these  were  frequent.  Bacteria  were  detected  in  the  blood  stream 
as  early  as  15  minutes  after  inoculation  (Fig.  15).  The  blood  stream 
was  overwhelmed  within  two  hours,  which  was  about  the  same  time 
severe  shock  developed.  Cultures  remained  positive  during  the 
hypothermic  period. 

Leucocytic  response.  A  severe  leucopenia  developed  in  both 
groups,  reaching  its  most  advanced  state  at  the  time  of  death 
(Fig.  16).  Induction  of  hypothermia  stabilized  the  level  of  white  blood 
cells.  There  was  also  a  tendency  for  some  increase  in  count,  but 
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Figure  17.  Differential  counts  demonstrate  the  leucopenia  was  due  primarily  to  re¬ 
duced  granulocytes, 


the  series  is  too  small  to  attach  significance  to  this.  There  was 
a  further  drop  just  before  death,  as  occurred  in  the  non-cooled 
group.  The  leucopenia  was  due  primarily  to  disappearance  of 
granulocytes  (Fig.  17).  Lymphocytes  show  a  relative  rise  in 
count  with  no  apparent  alteration  in  monocytes.  Cooling  resulted 
in  no  further  change  in  the  differential;  only  a  temporal  extention 
of  the  pattern  was  noted. 


Discussion  of  Experimental  Study 

Criticism  of  experimental  preparation.  Septic  shock  inthedog  is 
not  the  same  as  in  the  human.  Avulsion  of  the  cecum  may  produce  a 
preparation  more  similar  (Pulaski  et  al. ,  1954),  In  the  study  per¬ 
formed  here  the  inoculum  was  homologous.  The  temporal  relation¬ 
ship  also  was  considerably  shorter.  Better  control  of  bacteriologic 
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Figure  16.  Relation  of  minute  ventllutlon  (VT)  to  oxygen  consumption.  For  details 
see  text. 

effects  per  se  may  be  obtained  if  a  pure  strain  of  E.  coli  had  been 
used  instead  of  coliform  mixtures,  which  varied  with  each  inoculum. 

In  this  study,  interest  was  centered  primarily  on  the  general 
physiologic  and  metabolic  effects  of  septic  shock  alone  and  as  modi¬ 
fied  by  the  augmented  level  of  hypothermia.There  is  less  operative 
trauma  with  fecal  instillation,  and  the  entire  study  can  be  completed 
within  6  to  12  hours.  Particularly  interesting  is  the  fact  that  the  he¬ 
modynamic  and  hematologic  pictures  are  similar  to  those  caused  by 
endotoxin  (Spink,1960;Gilbert,1960).  The  mixed  flora  is  moreakinto 
the  clinical  insult  than  pure  endotoxin  or  E.  coli.  One  significant  dif¬ 
ference  between  endotoxin  and  coliform  induced  changes  is  that  ^02 
is  not  decreased  as  much,  whereas  is  greater  with  coliform  sep¬ 
sis  (Maxwell  etal., 1960). Increase  or  no  change  in  Vq0  and  at  least  an 
initial  increase  in  V-p  are  characteristic  of  the  clinical  syndrome. 

Hypothermic  effects.  Septic  shock  in  these  preparations  resulted 
in  an  increased  workload  on  the  cardiopulmonary  systems.  Response 
wus  adequate  to  a  point,  but  with  progressive  crippling  from  the  tox¬ 
emia,  compensatory  mechanisms  brokedown.  The  animal  descended 
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deeper  and  deeper  into  hypoxia  and  finally  succumbed  from  cardio¬ 
pulmonary  failure.  The  increased  ventilatory  work  required  in 
septic  shock  is  demonstrated  in  Figure  18.  To  provide  80  cc  of 
oxygen,  normally  the  dog  must  breathe  2.8  liters/min.  (Curve  B). 
In  septic  shock  (Curve  S.S.)  an  equivalent  oxygen  availability 
required  6.2  liters/min.  The  dog's  breathing  apparatus  had  to 
work  120  per  cent  harder.  When  cooled  (Curve  S.S.  +  H.),  80  cc 
of  oxygen  was  obtained  with  4.5  liters/  min.,  reducing  work  load 
in  septic  shock  by  one-half,  but  still  60  per  cent  above  normal. 
Failure  of  circulation  with  reduced  tissue  perfusion  has  been 
most  often  pin-pointed  as  the  main  mechanical  breakdown  leading 
to  death  (Spink,  1960;  Altmeier  and  Cole,  1958).  These  studies 
are  in  agreement.  Figure  19  demonstrates  the  relationship  be¬ 
tween  ^q2  and  ln  the  normal.  A  and  A'  represent  the  approx¬ 
imate  range  of  normal  flow  required  for  a  given  Vq2>  In  Fig¬ 
ure  20  the  effects  of  septic  shock  with  and  without  hypothermia 
are  illustrated.  Normally,  to  maintain  adequate  tissue  oxygen¬ 
ation,  100  cc  of  oxygen  is  delivered  by  a  minimal  flow  of  LI  liters/ 
min.  In  septic  shock,  the  equivalent  oxygen  is  supplied  by  a  markedly 
reduced  flow  of  0.4  liters/min.,  a  flow  deficit  of  65  per  cent. 
Induction  of  hypothermia  returned  the  relationship  toward  nor¬ 
mal.  This  was  achieved  primarily  by  reducing  MR02  with  likely 
little  alteration  in  perfusion.  This  represents  the  single  most 
important  benefit  of  hypothermia  in  this  condition.  Metabolic 
environment  was  brought  to  a  level  more  commensurate  with 
the  sharply  compromised  capabilities  of  the  physiologic  apparatus. 
The  pathophysiologic  picture  of  death  in  the  hypothermic  dogs 
was  similar  to  that  in  the  non-cooled  group.  The  difference  is 
primarily  a  temporal  one.  The  shock  state  is  due  primarily  to 
reduced  cardiac  output,  as  is  also  reported  to  occur  in  the  human 
(Gilbert  et  a  1. ,  1955)  and  in  experimental  endotoxemia  (Maxwell 
et  al.,  1960).  This  is  attributed  to  reduced  venous  return,  secondary 
to  hypovolemia  and  to  pooling  (Gilbert,  1960;  Ebert  and  Abernathy, 
1961),  with  the  latter  occurring  primarily  in  the  liver  and  the 
splanchnic  beds. 

The  physiologic  picture  of  septic  shock  in  the  human  and  in 
the  dog  are  similar.  Hypothermic  effects,  however  .differ  principally 
in  failure  to  raise  ABP  in  the  dog.  This  may  be  due  to  anesthesia 
or  to  species  difference  response.  The  criteria  of  septic  shock  in 
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Figure  19.  Relation  of  blood  flow  ((J)  to  oxygen  consumption  (Vq2).  Curves  Indicate 
normal  range  of  flow  for  a  given  amountof  oxygen. 


Flguro  20.  Curves  A-A'  aro  reproduced  from  Figure  II.  In  septic  shock  the  curve 
falls  toward  the  abscissa  demonstrating  reduced  flow  (closed  circles).  Under  hypo¬ 
thermia  the  **02  relationship  Is  Improved. 
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the  dog  are  hypotension,  hyperpnea,  tachycardia,  and  increased 
A- ^02*  human  they  are  hypotension,  tachycardia,  and  a 

reduced  and  Irregular  ventilation,  and  widened  A-V()2* 

Leuoopenla.  The  leucopenia  is  reported  due  to  endotoxic  effect 
and  the  hyperpyrexia  due  to  pyrogens  from  granulocytes.  The 
mechanism  is  obscure,  but  may  be  in  part  caused  by  depression 
of  bone  marrow  activity.  The  breakdown  of  host  resistance  (Zwei- 
taoh  et  al.,  1957)  lies  in  part  to  depression  of  the  reticuloendo¬ 
thelial  system.  Direct  endotoxin  effect  or  reduced  perfusion  or 
both  may  contribute  to  the  RES  breakdown.  Granulocytes  were 
affected  primarily  in  this  study.  However,  counts  were  made 
on  whole  blood,  and  the  increased  hematocrit  in  this  type  of 
shock  may  introduce  an  error  in  the  cell  counts. 

The  persistence  of  positive  blood  cultures  under  hypothermia 
indicated  no  significant  effect  on  the  bacteria  at  the  temperature 
used.  Lower  temperatures  are  required  for  possible  influence  on 
growth  (Balch  et  al.,  1955). 

Hypothermia  presumably  does  not  alter  the  blood's  ability 
to  clear  bacteria  (Fedor  et  al.,  1956;  Frank  et  al.,  1956).  Pre¬ 
vious  experiences  on  the  effect  of  hypothermia  in  experimental 
infections  have  produced  conflicting  reports.  Increased  mor¬ 
tality  rate  was  observed  in  rabbits  with  pneumococcal  infection 
after  cooling  to  31°  C  (Sanders  et  al.,  1957).  A  similar  study 
at  21°  C  yielded  an  increased  survival  rate  (Wotykins  et  al., 
1958).  Death  rates  in  rats  from  gram  negative  septicemia  were 
Improved  with  cooling  to  25°  C  (Balch  et  al.,  1955).  The  vari¬ 
ations  in  results  may  well  be  due  to  species  differences,  depth 
of  cooling  and  virulence  of  the  bacteria  used. 


SUMMARY 


Bacteremic  shock  is  usually  of  gram  negative  coliform  origin. 
The  mortality  persists  at  65  to  70  per  cent  despite  appropriate 
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antibloslB  and  supportive  therapy.  The  underlying  physiologic  dys¬ 
function  appears  to  be  hypoxia  secondary  to  a  tissue  perfusion 
deficit.  The  rationale  of  hypothermia  lies  in  the  reduction  of  MR02 
in  order  to  place  tissue  needs  at  a  level  more  commensurate  with 
the  reduced  blood  flow.  The  action  of  hypothermia  is  non-specific. 
Its  effect  lies  in  the  modification  of  the  host  metabolic  environment. 
The  augmented  level  of  32°  C  has  proved  effective  and  safe  and 
likely  does  not  alter  bacterial  growth. 
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DISCUSSION 


BERRY:  I  would  like  to  take  just  a  few  minutes  to  tell  about 
some  very  preliminary  findings  we  have  at  Bryn  Mawr,  perhaps 
relevant  to  the  problem  that  Dr.  Blair  emphasized  so  clearly; 
the  problem  of  cell  anoxia  in  the  patient  with  septic  shock.  I 
want  to  preface  my  remarks  by  recalling  my  early  years  as  a 
scientist,  the  era  of  vitamin  research.  Animals  were  made 
vitamin  deficient  and  had  all  sorts  of  symptoms.  It  seemed 
hopeless  to  find  what  the  vitamin  was  doing  metabolically,  be¬ 
cause  the  symptoms  were  so  diffuse,  and  this  is  very  much  the 
problem  with  endotoxin. 

Now,  the  metabolic  effects  of  endotoxin  are  so  diffuse  and  so 
wide-spread  in  an  animal,  it  may  be  impossible  to  ever  pinpoint 
the  specific  enzyme  that  might  be  involved.  I'm  not  sure  that 
I  have  found  the  enzyme,  but  I  think  there  is  one  enzyme  in¬ 
hibited  by  endotoxins,  and  this  enzyme  is  important  to  the  whole 
well-being  of  the  animal,  and  may  be  a  valuable  clue.  The  enzyme 
is  tryptophan  pyrrolase.  It  converts  tryptophan  oxidatively  into 
knyurenine  which,  in  turn,  is  changed  into  nicotinamide,  which 
is  incorporated  in  the  pyridine  nucleotides  DPN  and  TPN.  These 
are  the  primary  hydrogen  acceptors  in  oxidative  metabolism,  and 
they  are,  therefore,  directly  involved  in  most  of  the  energy  re¬ 
lease  of  the  mammalian  organism.  The  reason  that  I  started 
looking  at  this  enzyme  is  because  the  glycocorticoids  of  the 
adrenal  cortex  which  are  the  most  effective,  if  not  the  only  ef¬ 
fective  compounds  capable  of  protecting  animals  against  endo¬ 
toxin,  cause  a  prompt  and  large  increase  in  tryptophan  pyrrolase 
in  the  livers  of  experimental  animals.  One  finds,  also,  that  tryp¬ 
tophan  will  cause  an  increase  in  tryptophan  pyrrolase,  probably 
as  a  kind  of  an  adaptive  enzyme  response.  If  the  enzyme,  tryp¬ 
tophan  pyrrolase,  really  plays  an  important  role  in  the  pro¬ 
tection  of  an  animal  against  endotoxin,  then  tryptophan  should 
be  about  as  effective  as  cortisone  in  protecting  against  endotoxin. 
This  was  not  found  with  tryptophan,  much  to  our  surprise,  but 
it  was  observed  with  niacin  at  a  level  of  20  pM,  while  DPN, 
at  0.3  mM,  was  also  active.  This  is  what  one  would  predict  if  the 
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protection  is  dependent  upon  the  pyridine  nucleotides.  An  en¬ 
couraging  part  of  this  study  is  the  fact  that  an  analogue  of  niacin, 
3-acetyl  pyradine,  produces  in  mice  some  of  the  symptoms  of 
endointoxication.  The  ruffled  fur,  the  apparent  drop  in  blood 
pressure,  the  adrenal  insufficiency,  etc.  are  obtained  with  this 
nicotinic  acid  analogue.  If  one  waits  a  matter  of  only  four  hours 
after  giving  endotoxin  and  then  attempts  to  protect  with  any  of 
these  compounds,  none  is  effective.  I  don't  know  why.  But  at 
least  there  is  hope  that  we  may  have  one  level  of  explanation  for 
the  metabolic  events  that  produce  cell  anoxia,  Dr.  Blair.  We 
need  to  do  many  more  experiments.  I  hope  what  I  report  now 
stands  up  on  repetition. 

BLAIR:  With  regard  to  Dr.  Berry's  very  exciting  observations, 
there  is  no  question  but  that  before  this  matter  of  endotoxic 
shock,  if  that  is  really  what  it  is,  can  be  handled  adequately  by 
physicians,  you  have  to  know  a  great  deal  more  about  the  basic, 
fundamental  changes,  and  this  is  certainly  an  approach  to  that. 

I  personally  would  be  most  interested  in  this  in  relation  to  oxy¬ 
gen  tensions,  because  there  has  to  be  some  relationship  as  to 
whether  it  is  the  endotoxin  itself  that  produces  this  deficiency, 
or  is  the  hypoxia  secondary.  In  other  words,  is  it  simply  a  matter 
of  lack  of  oxygen? 

Just  in  line  with  this,  we  at  the  University  of  Maryland  have 
become  interested  in  the  use  of  hyperbaric  oxygen  and  treat¬ 
ment  of  varied  and  sundry  illnesses.  This  is  going  to  be  the 
latest  gimmick  on  the  surgical  scene  now,  and  I  have  taken  two 
of  our  dogs  in  septic  shock,  thrown  them  into  a  modified  chamber 
at  three  atmospheres  of  whole  oxygen,  and  brought  out  two  dead 
animals,  so  I  don't  think  that  this  particular  approach  is  neces¬ 
sary.  Maybe  we  gave  them  too  much  oxygen. 

With  regard  to  the  matter  of  the  hypothermia  and  the  pseudo¬ 
monas  infections,  on  the  surface,  the  matter  seems  to  be  an 
incongruity  from  the  standpoint  of  recommendations  for  cooling 
a  patient.  On  the  one  hand,  it  seemed  that  hypothermia  is  pro¬ 
bably  a  bad  thing  to  use,  and  certainly  one  gets  in  to  very  serious 
trouble  if  he  allows  his  patient  either  spontaneously  or  under 
deliberate  cooling  conditions,  to  drop  down  to  too  deep  a  level. 


BLAIR 

In  general,  we  observe  patients  who  are  about  to  go  in  shock 
to  show  a  slight  fall  In  temperature.  The  extreme  hyperpyrexia  * 

does  change.  He  still  has  a  high  fever,  but  there  is  usually  a 
drop  of  1°  C  on  the  average.  Apparently  the  hyperpyrexia  is 
related  to  the  problem  of  the  proteotive  coverings  of  the  skin. 

It's  pretty  Important,  apparently.  Hypothermia  In  experimen¬ 
tally  burned  animals  is  quite  a  difficult  problem  to  cope  with. 

There  have  been  several  attempts  to  use  hypothermia  in  burned 
animals,  and  none  of  them  have  been  successful.  Now,  whether 
this  burn  septicemia  Itself  is  a  separate  entity  or  somewhat 
different  than  those  from  germs  that  come  out  of  the  colon, 

I  don't  know,  but  certainly  there  may  well  be  some  very  sig¬ 
nificant  differences  in  the  toxins  of  these  two  circumstances. 

Concerning  cold  therapy,  there  is  no  such  thing  as  cold  therapy 
at  all.  Cold  doesn't  treat  anything.  Cold  modifies  metabolic  en¬ 
vironment.  Sometimes  it  is  good,  sometimes  it  is  bad.  The 
point  of  the  matter  is  that  use  of  hypothermia  does  not  dic¬ 
tate  the  ultimate  survival  of  the  patient,  or  certainly  of  the 
experimental  animals.  It  is  only  adjunct,  and  it  is  a  crutch. 

Heaven  knows  we  certainly  need  crutches  in  treating  very  sick 
people,  and  hypothermia  has  been  somewhat  useful  in  that  respect. 
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SUMMARY  OF  SYMPOSIUM 


W.  J.  Nungester,  M.  D. 


University  of  Michigan 

*  Medical  School 

Ann  Arbor,  Michigan 


Years  ago,  the  great  naturalist  Agassiz  counselled, "Go  to  Nature. 
Take  the  facts  into  your  own  hands.  Look  and  see  for  yourself." 
During  the  past  three  days,  we  have  followed  this  sage  advice.  But  as 
we  have  looked,  perhaps  we  have  not  seen  with  complete  clarity,  for 
the  problems  are  complex.  Yet  those  responsible  for  this  symposium 
have  given  us  a  widely  arranged  spectrum  of  subjects  for  discussion 
which  have  afforded  us  the  opportunity  to  1)  "go  to  Nature"  and  look 
at  the  effects  of  cold  on  the  incidence  of  naturally  acquired  infections 
in  man;  2)  "take  the  facts  in  (our)  own  hands"  and  see  for  ourselves 
the  effects  of  hypothermy  on  experimental  infection;  and  finally,  3) 
hear  reports  on  the  search  for  mechanisms  by  which  host-parasite 
interactions  are  affected  by  hypothermy. 

In  examining  the  data  on  the  effect  of  cold  on  naturally  acquired 
infections  in  man,  we  are  confronted  by  complexities,  as  was  clearly 
pointed  out  by  Dr.  Berry,  Dr.  McClaughry,  Dr.  Babbott,  and  Sir 
Christopher  Andrewes.  In  determining  whether  or  not  lower  ambient 
temperatures  affect  host- parasite  relations,  it  has  been  shown  that  a 
number  of  factors  must  be  considered,  among  which  may  be  listed 
the  following:  1)  the  temperature  gradient  between  normal  body  tem¬ 
perature  and  the  environment;  2)  moisture  or  wind  which  increase 
the  transfer  of  body  heat  to  the  environment  with  a  local  and  general 
cooling  ofthebody;3)  non-uniform  cooling  on  parts  of  the  body  which 
may  have  peculiar  physiological  effects,  as  demonstrated  by  Mudd 
et  al.  (1921);  4)  since  we  know  from  Pfluger's  Law  that  the  physio¬ 
logical  response  is  related  more  directly  to  the  rate  of  change  of 
the  stimulus  than  to  the  strength  of  the  stimulus,  rate  of  change  of 
body  temperature  is  significant;  5)  physiological  conditions  of  the 
host  affecting  heat  transfer  from  the  skin  as  peripheral  dilation  (al¬ 
cohol)  or  the  effects  of  local  or  general  cooling  of  the  body  as  car- 
dio  vascular  diseases,  endocrine  disturbances,  andsoforth;6)  pre¬ 
vious  acclimatization  of  the  subject  •to  cold ,  whatever  this  means 
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physiologically;  and  7)  pathogenic  microbial  flora  of  the  host  or  his 
environment  at  the  time  of  exposure  to  low  temperature. 

To  suppllment  all  this,  the  question  might  be  asked,  does  an  ex¬ 
cessive  heat  transfer  from  the  host  to  his  environment  affect  host 
resistance  to  infectious  diseases  ?  As  a  starting  point,  we  should  ask 
ourselves  what  has  been  decided  as  to  the  effect  of  low  ambient  tem¬ 
peratures  on  the  resistance  of  man  to  infectious  diseases.  As  Dr. 
Berry  recalled,  many  of  his  elders  as  well  as  his  country  doctor  all 
warned  against  wet  feet  (and  heat  loss).  At  that  time,  these  people, 
being  fine  Texans,  believed  that  exposure  to  cold  did  predispose  to 
upper  and  lowerrespiratorytractlnfections.  Ofcourseproof  of  such 
widespread  beliefs  is  hard  to  come  by,  as  Dr.  McClaughry  and  Sir 
Christopher  have  stated.  Goldstein  (1951)  has  claimed  that  extreme 
cold  is  a  "potent  stress  factor  in  bringing  about  the  common  cold". 
Troisi  et  al.  (1953)  found  a  higher  incidence  of  upper  respiratory  in¬ 
fections  in  66  men  working  in  cold  rooms  of  meat  preservation 
plants.  Andrewes  has  shown  us  that  coldB  are  more  prevalent  in 
temperate  zones  in  winter  than  in  summer,  and  as  we  know,  the  rate 
of  change  of  heat  loss  can  be  quite  marked  in  these  zones.  The 
chances  for  irregular  cooling  of  body  surfaces  may  be  significant. 
But  I  think  we  would  all  agree  that  a  definitive  answer  has  not  yet 
been  derived. 

It  would  appear  that  we  need  more  epidemiological  evidence  on 
the  effect  of  increased  heat  transfer  from  the  host  and  on  suscepti¬ 
bility  to  infection.  Experiments  in  the  future  should  attempt  to  cor¬ 
relate  not  cold  as  such,  but  rather,  the  various  factors  associated 
with  general  or  local  loss  of  body  heat  with  the  incidence  of  infection. 
And  what  are  these  various  factors? If  only  some  knowledge  as  to 
what  measure  to  use  other  than  rectal  temperature  or  ambient 
temperature  were  available.  Perhaps  then  we  would  have  a  more 
direct  measure  of  what  exposure  to  cold  does  to  the  host,  and  by  this 
many  of  the  variables  which  now  confront  us  might  be  reduced  con¬ 
siderably. 

Turning  now  to  another  aspect  of  the  symposium,  we  might  recall 
the  reports  on  experiments  with  animals  in  which  host  resistance 
was  altered  by  exposure  to  low  ambient  temperatures.  Conclusive 
data  was  presented  by  Dr,  Previte  and  Dr.  Mlraglia  which  showed 
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that  host  resistance  to  selected  strains  and  doses  of  salmonella  and 
staphylococci  was  decreased  by  a  low  environmental  temperature. 
Dr.  Metcalf  and  Dr.  Walker  demonstrated  that  in  chilled  animals 
there  is  a  lowered  resistance  to  influenza  and  Coxsackie  B-l  viruses 
respectively.  And  Dr.  Marcus  has  shown  us  that  chilled  mice  which 
were  not  acclimatized  are  more  susceptible  to  Coxsackie  B- 5  virus 
than  are  normal  animals.  On  the  other  hand,  Dr.  Sulldn  has  told  us 
that  there  Is  less  rabies  or  encephalitis  virus  produced  in  bats  at . 
-2°  C  than  at  higher  temperatures.  These  findings  clearly  indicate 
the  complex  nature  of  the  problems  weface.lt  is  indeed  logical  to  ex¬ 
pect  less  virus  production  in  cells  whose  metabolism  is  lowered  by 
cold;  but  pathogen  replication  is  only  one  phase  of  disease  produc¬ 
tion,  although  it  is  an  important  one. 

Another  aspect  of  these  experiments  conducted  with  animals  is 
that  it  became  clear  that  in  challenging  them  while  kept  at  normal  or 
low  ambient  temperatures,  one  must  define  certain  experimental 
procedures  quite  carefully.  These  include  such  aspects  as  ambient 
temperature,  rectal  temperature,  cage  type,  bedding  (or  lack  of 
bedding),  acclimatization  (which  should  be  defined  by  physiological 
measurements,  if  possible),  virulence  and  dosage  of  pathogen,  and 
site  of  inoculation  (S.  C.  or  I.  P.  being  the  major  methods  used). 

Dr.  Walker's  report  on  virus  replication  showed  that  the  strain  of 
Coxsackie  used  was  replicated  in  the  pancreas  of  animals  kept  at 
normal  temperatures,  but  was  not  replicated  in  other  tissues.  In¬ 
fections  of  the  pancreas  are  rare,  yet  this  strain  of  Coxsackie 
selects  this  organ  as  its  site  of  operations  in  the  normal  animal. 
When  the  animals  were  chilled  in  Dr.  Walker's  experiments,  the 
virus  became  replicated  in  many  tissues. 

Dr.  Berry  cited  Shephard's  success  in  producing  growth  of  M. 
leprae  in  mice  injected  in  the  foot  pad,  and  Shephard  has  surmised 
that  success  was  based  on  the  lower  temperatures  of  foot  pad  tissue. 
We  all  know  that  T.  pallida  will  not  infect  rabbit  testicles  unless  the 
ambient  temperature  is  lower  than  59.5°  C.  Also,  elevated  body 
temperatures  have  been  used  in  man  to  treatsyphilis.  One  wonders 
if  these  effects  are  related  to  the  metabolism  of  the  pathogen  or 
host  defense  mechanisms.  It  is  of  some  interest  to  observe  that  cer¬ 
tain  pathogens  such  as  the  trypanosomes  and  leptospira  grow  much 
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better  in  vitro  at  30°  C  than  at  37°  C,  yet  in  vivo  they  do  very  well 
at  37°  C. 

If  we  accept  the  evidence  currently  available,  we  must  conclude 
that  cold  does  lower  animal  host  resistance  to  many  infectious  a- 
gents.The  question  with  which  we  mustconcern  ourselves  is,"How?" 

Host  resistance  to  infeotious  agents  involves  anatomical,  physio¬ 
logical,  biochemical,  and  immunological  factors,  and  most  of  these 
have  been  touched  upon  by  the  various  participants  here. 

Anatomical.  Any  break  in  the  skin  resulting  from  frost  bite  or 
cold  sensitization  obviously  increases  the  chances  of  infection.  Some 
of  the  most  serious  infections  of  man  result  from  such  losses  of 
mechanical  protection  of  the  skin,  as  can  be  seen  in  the  infection 
which  can  complicate  burns.  Much  more  subtle  anatomical  factors 
such  as  the  blood  supply  of  the  skin,  the  nasal  mucosa,  and  the  arch¬ 
itecture  of  the  upper  respiratory  tract  may  be  concerned  with  this 
problem. 

Physiological.  The  physiological  changes  in  the  host  resulting 
from  sudden  or  prolonged  exposure  to  cold  are  even  more  subtle. 
Changes  of  this  type  have  been  called  to  our  attention  by  Dr.  Blair 
and  Dr.  Miya.  The  latter  has  shown  that  there  is  an  increased  re¬ 
sistance  to  bacterial  endotoxins  inthecooled  animal, while  Dr.  Blair 
and  Col.  Moncrief  have  described  their  use  of  hypothermy  to  treat 
bacterial  shock  in  man.  Probably  the  increased  resistance  of  chilled 
animals  and  man  to  endotoxin  is  based  on  some  physiological  mech¬ 
anism  which  has  not  yetbeendefined.  As  Sir  Christopher  pointed  out, 
disease  production  and  mechanisms  related  to  it  are  important  as¬ 
pects  of  this  story.  And  the  report  of  Washburn  (1962)  on  the  changes 
in  blood  circulation  in  frost  bitten  skin  is  pertinent  to  the  lowering 
of  skin  resistance  by  cold. 

My  own  experience  in  this  area  relates  to  the  mucus  secretions  in 
the  upper  respiratory  tract.  It  is  recognized  thatsterile  hog  gnstric 
mucin  (Nungester  et  al.,  1936;  Olitzki,  1948)  and  human  respiratory 
tract  mucin  (Nungester  et  al.,  1951)  lowers  host  resistance  to  bac¬ 
terial  infections.  Experimental  pneumonia  can  be  produced  readily 
by  injecting  a  suspension  of  bacteria  and  mucin  deep  into  the  rcs- 
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piratory  tractofdogs  or  rats  (Nungester  and  Jourdonais,  1936).  Also, 
pneumococci  and  mucin  plaoed  in  the  nose  of  rats  will  produce  ex¬ 
perimental  pneumonia  under  certain  conditions  which  alter  the  nor¬ 
mal  physiological  defense  mechanisms  (Nungester  and  Klepser, 
1938),  But  do  such  findings  have  any  relation  to  cold  and  respiratory 
tract  infections? 

Mudd  et  al.  (1921)  have  shown  that  an  uneven  cooling  of  skin  sur¬ 
faces  causes  vascular  changes  in  the  nose.  It  is  common  for  nasal 
secretions  to  flow  out  of  the  anterior  nares  when  one  comes  into 
contact  with  cold  air.  Either  the  ciliary  mechanisms  fail  or  there  is 
a  marked  Increase  in  secretions.  It  seems  to  me  that  the  latter  is 
more  correct,  for  it  is  based  on  a  sudden  change  in  blood  supply  to 
the  mucus  secreting  glands.  This  hypothesis  is  based  on  the  early 
findings  of  Mudd  and  his  colleagues.  A  marked  increase  in  respira¬ 
tory  tract  secretions  based  on  physiological  stimulation  (cold  air) 
or  infections  will  overburden  the  cilia  and  cause  the  mucus  secre¬ 
tions  to  accumulate  in  the  upper  respiratory  tract.  Such  an  oversup¬ 
ply  may  drain  out  the  anterior  nares,  be  swallowed,  or  might  pos¬ 
sibly  be  aspirated.  Is  it  possible,  then,  that  marked  cooling  of  the 
body  may  increase  the  chances  for  aspiration  of  infected  mucus 
secretions  from  the  upper  respiratory  tract? 

We  have  some  evidence  from  our  laboratory  (Nungester  and 
Klepser,  1938)  which  showed  that  the  reflex  control  of  the  glottis  is 
decreased  by  body  chilling.  Mechanical  stimulation  of  the  glottis 
area  with  a  small  wire  in  lightly  anesthetized  rats  resulted  in  closing 
of  the  glottis  in  all  but  18  per  cent  of  754  stimulations.  With  rats 
chilled  for  ten  minutes  in  ice  water,  the  glottis  did  not  close  in  46 
per  cent  of  552  stimulations.  In  21  other  rats,  none  of  them  aspir¬ 
ated  India  ink  colored  mucin  placed  inthe  nose,  while  55  per  cent  of 
20  rats  previously  chilled  aspirated  the  material  into  the  lungs. 
Pneumococcus  pneumonia  developed  in  13  per centof46  normal  rats 
inoculated  lnternasally  with  mucin  and  pneumococcus.  In  another 
group  of  24  rats,  chilled  in  ice  water  and  similarly  injected,  42  per 
cent  developed  pneumonia.  These  results  may  or  may  not  be  related 
to  severe  chilling  and  pneumonia  in  man. 

Dr,  Tunevall  has  told  us  that  absorption  of  tetanus  toxin  is  delayed 
in  the  hypothermic  animal.  This  directs  our  attention  to  the  physi- 
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ology  of  the  lymphatics  and  the  peripheral  circulation.  Possibly  the 
increased  resistance  of  the  hypothermic  animal  to  bacterial  endo¬ 
toxin  reported  by  Dr.  Miya  and  the  clinical  findings  of  Dr.  Blair  are 
directly  related  to  the  findings  of  Dr.  Tunevall.  We  might  call  atten¬ 
tion  to  the  findings  of  Klepinger  et al.  (19 59)  that  of  58  drugs  tested, 
all  but  strychnine,  chlorpromazine,  and  promazine  were  more  ac¬ 
tive  in  animals  kept  at  36°  C  than  at  3°  C  or  at  26°  C. 

Biochemical  changes.  Does  exposure  to  cold  produce  any  measur¬ 
able  effects  on  the  biochemistry  of  the  host?  Dr.  Trapani  has  men¬ 
tioned  the  increased  thyroid  activity  of  the  hypothermic  animal.  This 
is  significant.  Dr.  Campbell  has  called  our  attention  to  the  absence 
of  the  beta  anomaly  in  the  descending  electrophoretic  pattern  in  the 
serum  of  a  man  living  in  an  arctic  or  subarctic  climate.  He  also 
mentioned  the  significance  of  the  brown  fat  found  in  the  hibernating 
squirrel.  Dr.  Sulkin  was  particularly  interested  in  this  brown  fat  in 
the  hibernating  bat.  Thequestion  arises  as  to  what  role  this  peculiar 
tissue  with  its  high  lipid  content  plays  in  hibernation  or  resistance 
to  the  effects  of  cold. 

Another  interesting  biochemical  find  has  come  to  light  in  the  work 
of  Monier  and  Weiss  (1952),  A  sharp  increase  in  the  excretion  of 
ascorbic  acid  (53  per  cent)  and  dehydroascorbic  acid  (186  per  cent) 
was  noted  in  hypothermic  animals  over  normal  animals.  Since  ascor¬ 
bic  acid  is  found  in  large  quantities  if  phagocytic  cells  and  must  be 
present  to  a  certain  level  in  the  phagocytes  are  to  operate  properly, 
such  losses  of  this  essential  vitamin  must  be  compensated  for,  or 
host  resistance  may  be  lowered  through  loss  of  ascorbic  acid. 

Other  biochemical  changes  in  hypothermic  animals  have  been 
noted  which  mayor  may  not  be  related  to  changes  in  host  resistance. 
For  example,  Ershoff  (1951;  1952)  noted  a  decreased  resistance  of 
pyridoxine  on  riboflavin  deficient  rats  which  had  been  chilled.  Ulti¬ 
mately,  we  will  better  understand  host-parasite  relations  when  ade¬ 
quate  knowledge  is  available  to  explain  such  phenomena  on  a  bio¬ 
chemical  basis.  Dr.  Metcalf's  report  on  the  effects  of  temperature 
on  the  neuraminidase  of  the  influenza  virus  inembryonated  eggs  and 
in  the  mouse  lung  represents  such  a  biochemical  approach  to  the 
problem. 
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Immunology,  The  effect  of  cold  on  circulating  antibody  was  dis¬ 
cussed  by  Dr. Campbell.  Two  factors  whichhe  pointed  out  that  should 
be  kept  in  mind  were  1)  the  effects  of  cold  on  antibody  production  and 
antigen  breakdown,  and  2)  the  effects  of  cold  on  antibody  removal 
t  from  the  circulating  blood. 

In  general,  the  participants  reported  a  decrease  in  circulating  an¬ 
tibody  in  chilled  animals.However.Dr.Northey  found  little  difference. 

Cold  and  microbial  flora  of  host.  The  effect  of  maintaining  mice  at 
22°  C  to  23°  C  on  the  invasion  of  the  blood  stream  and  peritoneal 
cavity,  as  reported  by  Dr.  Tunevall, emphasizes  how  little  we  know 
as  to  the  permeability  or  impermeability  of  the  gut  to  the  passage  of 
macromolecules  or  microorganisms.  This  permeability  might  not  be 
of  significance  except  that  as  Dr.  Tunevall  reports,  clearance  of 
bacteria  from  the  blood  stream  is  also  impaired  in  the  hypothermic 
animal.  A  basic  explanation  of  both  findings  is  in  order. 

Another  mechanism  by  which  cold  may  alter  host  microbial  flora 
is  suggested  by  Dr  .Schmidt's  report  on  the  intestinal  flora  of  squir¬ 
rels  as  affected  by  hibernation.  He  found  a  sharp  increase  in  psych- 
rophilic  bacteria.Such  a  change  in  intestinal  flora,  induced  by  hypo¬ 
thermia, could  be  associated  wi  th  changes  in  available  vitamin  K  pro¬ 
duced  by  the  normal  intestinal  flora  and  more  significantly,  with  an 
increase  or  decrease  of  antimicrobial  agents  produced  by  intestinal 
bacteria. 


SUMMARY 


In  conclusion,  it  is  safe  to  say  that  the  final  blue  print  showing 
the  anatomical  physiological  biochemical  and  immunological  mech¬ 
anisms  by  which  exposure  to  cold  alters  host  resistance  to  infection 
will  not  be  simple.  But  it  will  be  a  workable  paper  and  will  suggest 
practical  ways  of  increasing  host  resistance. 
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